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Figure 1

Comparison of genome sequence of CSDV with the genome sequence of
the Oat Blue Dwarf Virus (OBDV)

OBDV oo o e
csov GTCCCCTGTGATCGTCTCTCCCGCCCTCCAGCCGGARRGATATTTTTGCTTTARCTTTTC
1 60
OBDV e e
cspv TTTGCACTCTTACGCTCAGATCTACGTGCCTTAGGTCATCTAAGCCGCTATGGATCGCAT
61 120
OBDV e e e e
CcSDV CTCTGCCCGCATTCCCGTCGCGCCCGCTTCCGCCGGCCCGACCGAGTACACTCCATACCC
121 180
OBDV ~ mmmme—mmmme—eo- GTGTCCCA--GTGTCATTAT-TCCGCTCAGTTTCAGATCTGCCG
csov ACACACTCACCCACTCCTACCCCGAGGTGTCTTCACCTCCGGGCCTATTCAACCCTGTCT
- *h * ok oh o - - ER a1 - LR * x *
181 240
OBDV GAATTCTCCAAG-CATCCCGCCCCAARAGCCGGCTGCTTAARATCTGATCTTCTCCATCT
csopv CCACTTTCTTCCTCACCATGCCCAAGATGCCCCCATCCGCTGCTRCAGACCCCTCACCTT
* h Ak *x & khkkh * & *AhK * +* * * * k& *
241 300
0BDV TGTCAAGTGTC~~-GTTATGACCACATACGCCTT-CCACCCGCTGCTCCCCACCCCGACT
csov CGCCAACCATCTCCGCTATGACCGT~TCCGCCTCATCGCTCAAGACTCCGCCCGTCARAC
kA -, * kAN W R kK LA X L X ] * w * *hhE A & * * *
301 360
OBDV TCCTTCGCCACTATCACTGGGGGTGGTTTGAAGGATGTTATCGARACCCTCTCGTCCACC
csov TCC--~—- CACTG~-ACCGGTGGTACCCTTGCCGATGCCATCCTTTCCTTGGCACCCACC
& & LA B 4 Tk *h AAR * * ok ok * K LE t 4 * LR A B3
361 420
OBDV ATCCACAGAGACACGATCGCAGCACCCCTCATGGAGACCCTCGCCTCGCCTTACCGAGRC
cspv ACTCACCGCGACACCATCGCCACCCCCCTCATGGAAGCCCTTGCTGAACCTTACCGCCAA
- - - ke n kb h - LERE R R L E S 22 LA AR - L2 A R R X & X -
a21 480
OBDV TCCCTTCGCGACTTCCCTTGGECCGTCCCCGCCTCCGCCCTGCCCTTCCTCCAGGAATGT
csov TCCTTGAGCACCTACCCATGGCACATTCCAACCARTCTTCAGCCCTTCCTCACCTCTTGE
*xw * *x - LR «ww - x *x xw - HNERA MR E N n
481 540
OBDV GGCATCACGGTCGCCGGCCACGGTTTCAARGCTCATCCCCACCCTGTCCACARAACCATC
csov GGAATCACCACTGCTGGCCARGGCTTCARGGCCCACCCTCACCCAGTGCACARGACCATC
* & LR A BB 2 - LA R RN 4 * > FRERNY BN - - LR 2 * ., - - LR B R 2 4 AR R A =1
541 600
oBDV GAGACCCACCTCCTCCACAAGGTTTGGCCTCACTATGCCCAAGTCCCTTCTTCCGTCCTC
csov GAGACCAATCTCCTCACTAATGTCTGGCCCCACTACGCCACCACTCCTAGTGGCGTCATG
drwrre % aesees  AE A% wdser mwere www rr o wwws
601 660
OBDV TTCATGARGCCCTCGAAGTTCGCCARACTCCAGCGGGGCARCGCCARCTTCTCCGCACTC
csov TTCATGAAACCATCAAAGTTTGAGAAGCTCAAAATCAAACAGCCCAACTTCTCCAAGCTC
PR I IR > -+ LR X RN 2 * * * . - - R A TR A A A L R
661 720
0BDV CACAACTATCGCCTCACCGCCAARGACACCCCGCGGTATCCTAACACTTCAACCTCTCTC
CsDV TACAACTACCGCATCACAGCCAAGGACACCACCCGTTACCCCTCCACTTCCCCAGACTTG

PETIREE s s HAEE e RRF SAEAEE 4w 2w e e hh by - -

721 780
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Figure 1 (continued)

OBDV CCCGACACCGAGACCGCCTTCATGCATGACGCCCTCATGTATTACACCCCCGCTCAARTT
csov CCCACCGAGGACACCTGCTTCATGCACGATGCCCTCATGTACTATTCCCCTGGACAGATC

ee » €3 AR E AR TRRTERY A AEIEIPTERTE R kRSP % A a

781 840
OBDV GTTGACCTGTTCCTTTCCTGCCCGAAGCTCGAGARACTGTACGCCTCCCTTGTCGTCCCC
cSbv TGTGACCTCTTCCTCTCCCGCCCCAGCCTCCARRAGCTCTATGCTTCCCTTGTTGTTCCT

LA RS B4 A A AE Rk ok kA d > Ak h ok kA R Ak hAh ARk Ahd Ak A

841 900
OBDV CCCGAGTCCTCCTTCACCTCTATCTCTCTCCATCCAGATCTTTACCGCTTTCGCTTTGAC
CSbv CCGGAGAGCGACTTCACCACCATCTCCCTCTTCCCAGATCTCTACCGCTACCGGATCGAG

Fh O AAR K XAREANE * FAEFN KXE KAFFRAFH AEKEARE XXk ER

901 960
OBDV GGGGACCGTTTGATTTATGAGTTGGAGGGCAACCCCGCCCACRACTACACCCARCCTCGA
CShv AARAGATCAGCTCATCTACGAGCTCGAGCAGAACCCCGCCCACARCTACATCCAGCCTCGE

L LA 2 *k  k ko * Rl AR Ak ok h kA hdh A hd Aok ok ok

961 1020
OBDV TCCGCCCTCGACTGGCTCCGCACAACCACCATCCGCGGACCAGGCGTTTCTCTCACCGTG
Ccsov TCTGCCATCGACTGGCTCAAGACCACCACCATCCGCTGCCAGGACCTCACTCTCACCATC

Wh KRR KRR F R kA Ak dr KA AEAARAAEN A Xk h ok Rk kRA AN &

1021 1080
OBDV TCCAGGCTCGACTCGTGGGGTCCCTGCCATTCCCTCCTCATCCAGCGCGGCATTCCCCCC
CSbv TCCCGCCTAGATTCCTGGGGCCCAGTCCACTCTCTCCTGATCCAAARGAGGCAAGCCCCCT

XET WM EEX KT KT KNERXAE ¥ KEXK KK AEEAN RARXX K XKEN EEEXAT

1081 1140
OBDV ATGCACGCCGAGCACGACTCCATCTCGTTCAGGGGTCCACGCGCCGTCGCCATTCCCGAG
cspy ATCCATCTTGAGGAGGACTCCATCAGCTTCCGTGCCCCARAAAGCAGTCCTCCTGCCTGAG

LR X dhdk & hhhrhhbhh LA 2 B * ko LA R L 2l * * hh h ke

1141 1200
OBDV CCCTCCTCCCTCCACCAGGATCTGCGCCACCGTCTCGTTCCAGAGGACGTGTATARCGCC
csDv CCAGCTTCACTCTCCCAATCAGTCCGCGACCGCCTGGTCCCTGCTGATGTTTACCAGGCT

LR LI & Wk LA 54 * Atk Akchkh Ak AA AR X ok kk ko * ok k

1201 1260
OBDV CTCTTCCTCTACGTCCGCGCCTGTCCGCACGCTCCGCGTARCCGATCCCGCCGGCTTTGTC
Cspv CTCTTCATCTATGTCCGGGCTGTCCGCACCCTCCGTGTGACCGACCCGGCTGGCTTCGTT

REENRE ARTE REFEE ERFANIREAER KRNAT kF KA hwr Kk XK NRREN ok

1261 1320
OBDV CGCACCCAGTGCTCTAAGCCCGAGTACGCTTGGGTCACTTCCTCCGCTTGGGACAACTTG
csov CGCACTCAGATCTCTAAGCCCGAGTACTCTTGGGTCACTTCCTCCGCCTGGGACAATCTG

LA S A 2 SN B2 4 LA RS E SR R R RS AR R R AR EE S R SR SRR LR A S B R B R J -

1321 1380
OBDV GCCCACTTCGCCCTCCTCACCGCTCCACACCGGCCCCGCACCTCGTTCTACCTATTCTCC
csbv GCCCACTTTGCCTTGGCCACAGCTCCGCACAGACCCCACACCACCTACTTCCTGTTCAAC

brrrraEn KA AhE NEERE Fht ok kA kA AR Kk khk AR A REA

1381 1440
OBDV TFCTACCTTCCAGCGCCTTGAGCACTGGGTCCGCCATCACACCTT---CCTCCTCGCCGGL
csov TCARCCGCTGCTCGGGTGGCCCATTGGTTCCGCACTCATACCCTGGCTCCGCTCTCTGGC

v wvxw X M E wE AT AEERT BEE A N P N L

1441 1500
OBDV CTCACCACAGCCTTTGC-----~ TCTC-~--CCGCCGTCTG—~--~CCTGGCTCGCGA-~
cspv GCCACTGCTGCCGCCGCGAGCCTTCTCATGACCGCCAGCTGGGGATTCCGTGCCATGATC

LR - - b * - AN 24 LR R R R} At * % A *

1501 1560
gpv. 0 —mmmee- ACCTCGTCGCCC——--——=ommm GCGC--=mwmmmm— CTCCGCTTCACAC-
csSbv TCCTCTCATCTTGTCTCCCTCTCCATCTGCAAGCGCTGGCTCAAAGCTCCTCCTCATCTC

A e e e veea rras & e

1561 1620
ogpvy 0 ----- ATCCAAGG--——-- CCTCGCGCTAGCCCGCCG-GTGGCTCA- --TCACT--CCCC
csov CTCTGGCCCGAGAAAGCTCCCTGGTTCCAGCTCACCCTGAGGCCCAAAGTCACTGGCCCT

-w ww LR XY * Ty & ww * vew v exrw v rw

1621 1680
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Figure 1 (continued)

oBDV CTCATCTCTTCCGCCCCCCTCCACCCCC--ARGCTTCGCTCTTCTTCTCCAGCGCAACT =
csbv CTGATTGACCTGCCCATTCTCCGACCCTTTAGGCTGTTCCCTTCCACATGCGCCAAACTG
e w3 ' HEEA AR - eaw + seRx . seew
1681 1740
ooy ====e CCACCGGCCCGGTCCTTCTCCGTGGCTCCC---~GCCTCGAG-—-— -~~~ ~—~-~~
cspv GGCGCCAAGCACCCTGCTCTTGCCACATTGCTTCCTGCTGCTCCCAGGCCCACATGGCCC
P S T T 2 B S T T N LS A
1741 1800
OBDV TTTGAGGCCTTCCCTTCTCTCGCC -~ -CCACAACTCGCCCGTCGCTTTCC - —-—— ATTC
CSpv CTAAAGGT TGGCCTCGCACTCGCTGCTGTCCCAGTCTGCCTGTTCTTGTGGCGGAAATTC
* LR R *x * kA kRN * *thE ko o ER AR
1801 1860
OBDV CTCGCTCGCCTTCTCCCCCAGRA- ===~ -———— ACCCATCGACCCCTGGGTCGTC----G
CsSpv ATTGGTCCCGATTCTCCACAGGACATGCATGACAGCTATCATGCCATGTTTCATCCACAG
* > * & * - Ak hhk N * A kAN LA e o » -
1861 1920
OBDV C----GAGCCTCGCTGTCGC-CGTTGCTATACCCGCCGCCTCC~--CTCGCCGTTCGCTG
CsDV CCTTGGGGCCTCACTCTCACTCGCAAGGCTATCTGCTGCGATAGGGCCCCCTTTCTGCCC
- * A hhkdd AR bk h A LA NS 2N &SNS B J * * o n L . w
1921 1980
CBDV GTTCTT--CGGCCCCGACAC---CCCCCAAGCCATGC--ACGACCGATACCACACCATG-
Cspv ATCCCTGTTGTTCCCAGCTCTGACTTCAAGGCCCCGCCARCACCTGCCACCCCACTATTG
* * x * kkk x Ak w AR wE EA ™ R FFE Aww ww
1981 2040
OBDV --TTCCACCCC---—-— AGAGAGTGGCGCCTCACCCTGCCC-~---AGGGGCCCCATCTCAT
CcsDv ACTTCCATCCCTATTAAGGGTGTGGAGCCTCAAGTTTCTGGAGAAGGAGTACCTCCGCAG
wwEN A wkA hwr ok FhkA Kk AARA A L LA X IR 2 - * ww
2041 2100
OBDV GTGGC--—=-—~-=-~ CGCTCCAGCTTC-~-=-TCCCCCCTTCCCC---ACCCACCTTCGCCC
CcCSDvV TCGGCTTCATCAACCGGCCCGGCATCGGACTCCCGTCGTGCCCCGCARCCAGCTTCATCA
LR LA 2 LA AN B AN & 4 LA &) * A LR A2 N B2 2 3 *
2101 2160
OBDV ACT--CCCGCTCCCGACTCCCGAGC———===~ TGAACCCCTCCAGCCACCC-—-——=~~-~—
CcsSDv ACTGGTCCGGATCCGCCCACCCAGAACACGAGTGCTGCCCCCCARCCTCCCATCGAATCC
ok * A h LA A 2N 4 rwr ww *r LA S SR & R SN A BN N
2161 2220
oBDV 0000 mom——e-—- TCCGCTCCACCC-=====——wer—mmm o= TCGARCCCACGAGC---——=~
CsDv AAAGTTACCTTTGCCCAACCCATTGAGAGTGTGGCACCTGTAGTTCCAGGAGCAGGAGAA
> xE * AR RE * > * ok ok ohokook
2221 2280
onpy 0 =mees--——- CGGCTCC-=—m————————~— CGCCGATCTC-—~~~—~~- GAGCCCCARGCT
(o201 CCTCCGCAGTCGGCTTCATCAACCGGCCCGGCAT CGGTCTCCCGTCGTGACCCGCARGTG
R EE F T A AN kAR
2281 2340
OBDV CCTCCGGC--CCACGCC-—===~ CCCCAGACCGAGCCTCCGAGT--CCCGTG-——~————
csov GCTTCATCAARCCACTCCGGATGCTCCCACCCTGGACGTCAGCGTGACCCCTCCARAGACT
”* & * > ER RS *w LR E S 4 * * NN, Kk kK LA 2 ]
2341 2400
OBDV ATCGAGC--AAGARGCGCGTCCGAATCCCCTTC - - =~ CCGCTCCTGCCCCGCTT=~~=~
Csbv ATCTATCCTATTGACCACCTCCAGAACGAC TTCGGCCCTTGCCGTTGCTCCGTCTGTGRA
aws e e e R L L IR T TR . see wbe  w
2401 2460
oBpy 00000000 memm———ee- TCTGCTCCCACCCCCTCCGCTTC-CGCGCCTTCACTTGCCCCARC-~ACCT
csov CCACTTCAGCCTGCCCCCGTCCCCTCCACTCCTCTCACCGTCTCGGATCATAARGAAGCT
atar ewrv  wrwraws ve 2 b b wE e & P . e
2461 2520
osDv TCGGCCCCCGAGCCTCCCTCGCUGACC - - -~ -~ GCTTCCGAGCAGGCCGCGTCCCTCATC
csbv CAGGACGCCGAAGCTCTTTCCTCGGCCCTCCAAGCCCTCGGGCTCGCTCCCACCCCACCA
2e s mwar  wrw ws Aw s ‘e “e s8 we  » ey

2521 2580
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Figure 1 (continued)

OBDV CCTGCTCCCTCTTCCGCCCTCGTCGTGGAGCCATCCGGCGTCGTCTCTGCCTCATCTTGG
Ccspv GCTCCACAGTCTCAGAACCTCACTGTAGAGTCCTCAGGAGCCATGCATGCCTCATCTTGG
IR ST T trxs A REE N e ww * % trentrrrsssna

2581 2640
oBDV GGCGCCACCAACCAGCCGGCCGATCARGTCG-ATGACTCCCCTCTCGCTCGCGATCCCAG
CSDV GAT- CAGCTCTCCTCCCCATCATCTGACTGGGATCCTTCCCCTCTGGCCCGTGATAGCTC

* - - *w *x LI A EAAFRARAE Ak Ak F kN *

2641 2700
oBDV CGCCTCCGGCCCCGTCCGCTTCTATCGAGACCTCTTCCCCGCCAACTACGCGGGTGATTC
CsDv CGCCTCTGGTCCCCCAGGCATGTACTCAGATCTCTTTCCAGCTCCCTACCTTCCAGGCAC

CREE R RN I X R -y * *® AHE AW AI A WA A K LR & 84 * -

2701 2760
OBDV CGGCACCTTCGACTTCCGCGCCCGCGCCTCAGGCCGCTCTCCCACCCCATACCCCGCCAT
CsSpv CGGTCAGTTCATCTTCCGCTCCAGGGCCAATGGTCGGGCCAACATCCCTTATCCCGACAT

*kk HhK FhkAhER kF b AR *x wx *w wAE ET FEErE www

2761 2820
OBDV GGATTGCCTCCTCGTCGCCACCGAGCAAGCCACCCGCATCTCTCGAGAGGCCCTCTGGGA
csov GGATTGCCTCTTGCTTTCCATCGAGCAAGCCACCCGCCTTCCCAAGGAGGCTCTCTGGGA

Wk ok ok A A Ak * * EE R E R L AR LR SR R A A S > AR Wk PR AR A

2821 2880
OBDV CTGCCTCACAGCCACCTGCCCCGACTCATTCCTCGACCCCAAGAGCATCGCCCAGCATGG
CcSDv CACCCTCTGTGCCACATGCCCCGACTCTCTCCTTGATCCTGATACCATTCGCCGAGTCGG

* ok A ok hh ok ke hrh b Ak Fhdkd AR kw * ok Rk A L. *n

2881 2940
OBDV CCTCAGCACCGATCACTTCGTCATCCTCGCTCATCGCTTTTCCCT-ATGTGCCARCTTCC
CsSDv ATTGTCCACTGACCACTTTGCCATCCTGGCCCACCACTACTCCCTCAGGTGCCG-CTTTC

* EEE WKk WERAWFE K whwhwr ww Ak Kk Ak hhkhk A ok AA A kA ko A

2931 3000
0BDV ACTCCGCCGAGCACGTCATTCAGCTCGGGATGGCCGATGCCACCTCCATTTTCATGATCA
csov ACACCGCCCATGGTGTCATTGAGCTCGGCATGGCTGATGC CACCTCCTCATTCGACATCG

Ak AxAxE A FRAERE FRRXRNNET FRRRRE A A RRI KA A KA NN A *xh

3001 3060
OBDV ACCACACGGCTGGCTCCGCGGGCCTCCCGGGCCACTTCTCCCTCCGCCTGGGTGACCAGC
csov ACCACACTGCTGGCAAC-=-=m==== CCCGGCCACTTCTCCCTCCGGCAATCTG-CCACT

Ttk hkk hkh A Ak * Wk Ww Ak Ak h kb b Wb ok kAR

3061 3120
OBDV CCCGTGCCCTCAACGGTGGCCTCGCTCAGGACCTCGCCGTCGCCGCCCTCCGATTCAACA
CsSDv CCGAGGC--TAAATGGAGGAATTGCTCAAGATCTCGCTGTGGCCGCTCTCAGGTTCAACA

* * Kk * AA kk Ak * AhhAkR PR Nehhhr hh AR phh Ehr * wehhrhoh

3121 3180
OBDV TCTCCGGTGATCTCCTCCCAACCCGATCCGTTCACACTTACAGGTCTTGGCCAARGCGCG
Cspv TTGATGGCACTCTCCTCCCAATCCGCTCAGTTCATGTCTATTCCACTTGGCCAAAGAGAG

* r IR RS SRR R ENE R L SN L IR A & 5 4 2 * W L EA R R A S & A& B N IS

3181 3240
OBDV CCAAGAACCTTGTGTCCAACATGAAGAACGGCTTTGACGGAGTCATGGCCAGCATCAACC
Cspv CAAAGAACCTGTCGTCGAACATGAAGAACGGCTTTGACGGCATCATGGCCARCATCCACC

F AABETT TN PR RS EE SR EEREERERE R AR S S LS LR AR L E LSRR I LA RIS

3241 3300
OBDV CGATCCGACCCAGCGATGCTCGCGAGAAGATCGTCGCCCTCGACGGTCTCCTAGACATTG
csov CCACCAAGACCRATGAATCGAGAGAGAAGATCTTGGCACTCGATTCGCAGCTGGACATCG

- LR R - h - * kbt ErES * ke h ok h + *h hd Rk &

3301 3360
OoBDV CCCGACCCCGATCCGTCCGCCTCATCCACATTGCTGGTTFCCCAGGCTGCGGAARARCAC
csov CTGTCAGGAGATCCGTCCGTCTGATCCATATTGCCGGGTTCCCAGGGTGCGGCAAGTCCT

» Cereersner A wEwEd wEwEF kv sEwbLArs AARA A w4 +

3361 3420
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Figure 1 (continued)

0BOV ATCCGATCACCAAGCTCCTCCACACCGCEGCCTTCCGCGACTTCARACTCGCCGTCCCGA
csov TTCCCATC TCCCGCCTCCTCCGCACTCCAACCTTCAGGAACTTTARGGTGGCAGTTCCCA
e w LA 4 LA LA R R B &4 TEW ~ L IR rrREx - * - L -t
3421 3460
0BDV CCACCGAGCTCCGCTCTGAGTGGARAGAGCTCATGARGCTCTCACCCTCTCAGGCCTGGE
csov CTGTTGAGCTCCGAGCCGAGTGGAARACCATTACTGGTCTCCCGGCCTCAGARGCCTGGE
- EEF XN AN w Wk kA A A kRN LI LI * L ] » R R
3481 3540
OBDV GCTTCGGCACCTGGGAGTCCTCCCTTCTCARGAGCGCCAGGATCCTCGTGATCGATGAGA
csov GCATCGGCACCTGGGAATCCTCTCTCCTCARGTC TGCCCGGGTCCTGGTCATTGATGAAA
*r MAr AR AR N dAed T ATR AF hhhb A *hr * ok LR SR h * LR R X X SN
3541 3600
OBDV TCTACAAGTTGCCCCGAGGGTACCTCGACCTAGCCATCCACTCCGACTCGTCCATCGAGT
csbv TCTACAAGATGCCAAGAGGCTACATTGATCTCGCCATCCACTCTGATCCCACCATTGAARA
LR ER NS XS] * ok w kA kA A xh * WK FE FARE AR R LR AN L2 ] » *nhw o
3601 3660
OBDV TTGTTATCGCCCTGGGAGATCCTCTGCAAGGCGAGTATCACTCCACTCATCCCAGCTCCT
cspv TGGTCATTGCTCTCGGTGATCCACTCCAAGGAGAGTACCACTCCACTCATCCTTCCTCTA
e hh ke AE AR Ar kERE Ak AAAEE AERRE AAAEREEAhennns  aww
3661 3720
OBDV CCARCTCTCGCCTCATTCCCGARGTCAGCCATCTCGCTCCCTACCTCGACTACTACTGCC
csov CCARCTCCCGCCTTCTCTC TGAGCCCCAGCATCTCTCCATGTACCTTGACTTCTACTGCT
ER R X R E R IR L AR * * KW * hhkpx A AEA R Fhkhh kAR doh
3721 3780
oBDV TCTGGAGTTACCGCGTCCCCCARGACGTCGCCGCTTTCTTCCAGGTTCAGAGCCACAACC
cspv TGTGGTCCCACCGCGTTCCGCAGAACGTGGLCGCCTTCTTCCATGT -CAAGACCACCTCC
* AW AWNXXTRAT Ax *W HEAT A WA AL A AN EWE AH AW kN A ok
3781 3840
0BDV CTGCTCTCGGGTTTGE -CCGTCTCTCGARGCAGT TTCCCACGACCGGGCGCGTCCTCACT
csov AAACAGCCTGGCTTCTGCCGCTACCAGAGAGAGCTGCCGAACTCCAGA- ~—ATCCTGGLC
> - - - Lad * * LA e ok * * & * R R R ok
3841 3900
OBDV AACTCACAGAACTCGATGCTTACCATGACGCAGTGCGGCTACTCTGCCGTCACCATTGCC
cspv ARCTCTCAGARTGCAGGCCATACCCTCCAGCAGTGTGGCTACGCTGCCGTCACCATTGCC
EZ 2 A R L & R * * kRAKX N AR A AT AFARARN AT NN ANEXIN AT A& d hh
3901 3960
OBDV TCAAGCCAGGGTTCCACCTACAGCGGCGCCACGCACATCCACCTTGACCGCARCTCATCS
cspv TCCAGTCAGGGCTCCACCTATGAAAATGCGGCCTGCATTCACCTGGACCGARACAGCTCC
ww hx WE K AN LR S 2R 2 8 * * kW hk A kA Ahkdrhbh AR - a
3961 4020
OBDV CTCCTCTCCCCTTCGAACTCCCTCGTCGCCCTCACTCGCTCGAGARCCGGCGTGTTCTTC
cspbv TTGCTCTCCCCTGCTCACTCCATGGTTGCTCTCACTCGCTCARAGGTTGGTGTCATCTTC
A A bk dAh RN Hxwrh & dkh Fh bhbhkERTrRN A AR R LR R 21
4021 4080
OBOV TCCGGGGACCCTGCTCTTCTCAACGGTGGTCCCARCTCCAACCTCATGTTCTCTGCCTTC
Ccsov ACCGGCGATCCCGCCCAGCTCTCCARTGCTCCARGCTCCAACCGAATGTTCTCAGAGTTC
kR - * R LR R * EE AN & 5 BN LEE RS SR LA R E SRS S 1 * .
4081 1140
oBDV TTTCAGGGCAAGTCTCGCCACATTCGCGCCTGGTTCCCCACCCTTTTCCCTACGGCCACT
cspv TTCTCAGGCCGCACCCGCCCTCTTCATGACTGGTTCCACAATGAGTTCCCAAAGGCCACT
e PN S aaan war e admssene se cared x AwErees
4141 4200
oBDV CTCCTCTTCTCCCCCCTCCGCCAACGCCACAACCGCCTCACTGGCGCCCTCGCTCCCGCC
cspv GTCCTCACCGAGCCCCTCARGACTCGGGGGCCCCGLCTCACCGGTGCT -~ -~~~ ~~~~
cerer 6 aeeaes . Terrreree e +s
4201 4260
oBoV CAACCTTCCCACCTCCTGCTCCCTGACCTTCCGAGCCTCCCTCCTCTCCCCGCCTCCGGT
csov --GCCTCACCA--~-- TACTCCAAGGCTGTCCCAATCCGCCA-—~——-—=———==-== acc

- .. « mvew . e w * . -

4261 4320
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Figure 1 (continued)

OBDV CCCTACTCCCGCTCATTCCCAGTTCGATCTCGCTTCGCCGCGGCCGTCAAGCCTTCCGAC
csov CTCCACCCCAGCTC-—========———-=-=======-———————— TCAAGCCTGATTTC
. v me me wwas PROAAOON .
4321 4380
OBDV CGGTCAGACGTCCTCTCGTGGGCCCCTATCGCCGTCGGTGACGGGGAAACCARTGCCCCT
csov CAAGGGGACGTCATAATCTCAGCACCCATAGTTCTCGGCTCCGGCGAGCTCARTGCCCCT
* * ok kA * - - e W W W AR R * * LR AR R RS R
3381 4440
08DV CGCATTGACACCTCCTTCCTGCCCGARRCTCGCCGCCCCCTTCATTTTGATCTTCCCTCG
Ccsov CAAGTCTCCTCTCACTTCCTCCCCGAGACTCGCCGTCCTCTCCACTGGGACATTCCATCT
> > * - Adkk T h ARAFTRE AXRETTREN T AW LA g - - wwh Ll
4441 4500
oBDV TTCCGCCCCCA-AGCCCCACCGCCTCCCTCTGACCCAGCCCCTTCTGGGACCGCCTTTGA
cspv GCCATCCCTGAGAGTGCCACCAGACCGGACTCCACTGAGCCCACCACCTCCCATCCA-GA
* " * wr EE RS 2] * * ok > * * - - -« b
4501 4560
OBDV GCCCGTTTACCCCGGCGARACC TTCGAARATTTGGTCGCCCACTTCCTTCCGGCTCACGA
csov GCCAGTCTACCCCGGGGAAACT TTTGAGAATCTTGCTGCCCACTTTCTCCCTGCCCACGA
ok * PR R R LR X2 LR R & 22 wrh ok kR W * EEEEERE R R AR *x xh kA AR
4561 4620
OBDV CCCCACTGACCGCGAAATCCACTGGCGTCGGCAGCTTTCCARCCAGTTTCCCCATGTCGA
cSDv CCCARCCGATCGTGAGATCTACTGGCAGGGTCAGCTGTCCARCCAGTTCCCACACATGGA
* x *w R AE Ak kkh %ok oWk ok PR SRS S R ETEE R L LS S L a2 * * ok
4621 4§80
OBDV TAAGGAGTACCACCTCGCGGCTCAGCCARTGACGCTCCTCGCTCCCATCCACGACTCCAR
CcSDV CAAGGAATTCCATTTGGCTGCACARCCCATGAGTCTCCTGGCTGCCGTTCATCAAGAGAR
e w * e * k% *x* wh wk hhkth ARRIET Hhkh RE X x> * %
4681 4740
OBDV GCACGACCCCACCCTCCTTGCCGCCTCCATCCAGARACGACTTCGAT TTCGACCCTCCGE
csDv GCAAGATCCCACTCTACTGCCAGCTTCARTCCAAAAGAGACTCCGCTTCCGCCCCTCCGR
LA R ] * " EA R 5 B R 4 - * Ax ARk Fohkokhh * PR R RS ok N - LR A A A
4741 : 4800
oBDV CTCTCCCTACCGARTCTCCCCTCGTGACGAGCTGCTTGGCCAGCTCCTCTACGAGAGTCT
csov CAAGCCCTACCAGATCACCCCAARAGATGARATCCTGGGCCAGCTCCTCTTTGAAGGCCT
- LR E S0 RS AwE Ak ok A& * * Ahhhkdh AR AT N W - LA J
4801 4860
OBDV CTGCCGCGCGTATCATCGTTCCCCARCCACCACCCACCCTTTCGATGAGGCCCTCTTCGT
cspv CTGCCGAGCCTACCACAGATCTCCATTTCACACTGAGGCCTTTGATCCCGTGCTTTTCGC
Kk kwd  hh *hk Ak * w¥k wThW - xw * * =¥ LR & * 2 LE S 24
4861 4920
OBDV CGAGTGTATCGACCTGAACGRAATTCGCTCARCTCACCAGCARARACTCAGGCCGTCATCAT
csov CGAGTGCATCAATCTCAATGAGTTCGCCCAGCTCTCGTCCAAGACCCAGGCTACTATTAT
Wk kA AR K * hk ke - EE R R R I X I 2 S -+ h * & R AR *k hk
4921 4980
oBDV GGGCARCGCCCGCCGCTCTGACCCAGACTGGCGCTGGTCCGCCGTCCGGATCTTCAGCAR
csov GGGCARTGCTCGCCGCTCAGACCCTGATTGGCGGTGGAGCGCAGTTCGCATCTTCTCCAA
A EEE Ak RAFFAAAR ARR B A K ARREET AR RS ke W EAREEES .
4981 5040
oBDV AACCCAGCACAAGGTCAACGARGGTTCGATCTTTGGAGCCTGGAARGCTTGCCAGACCCT
csov GACCCAACACAAGGTGAATGAAGGGTCCATTTTCCGCTCCTGGARGGCCTGCCARACTTT
e e e sises ah s me s aearees we swads e+ *
5041 5100
OBDV CGCTCTCATGCACGACGCCGTCGTTCTGCTCCTTGGCCCCGTCARGAAGTATCAACGCGT
cspv GGCTCTCATGCATGATGCTGTTGTTCTAATCCTGGGCCCTGTCARGAAGTACCAGCGAGT
S reveemerars ax ve 4t sesar ties tesee veemvresere or wv e
5101 5160
0BDV CTTCGATGCTCGAGACCGCCCCGCCCACCTCTACATCCACGCCGGCCAGACGCCCTCTTC
csov CTTTGATCAGAGAGACCGACCCCGACACCTTTACATCCATGCAGGCAACACTCCATCACA

ree wes srmeres wvw AL rE Lb s rAAL 4% PFE w2 Sd e

5161 5220
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Figure 1 (continued)

OBDV CATGAGCCTGTGGTGCCAGACCCACCTCACCCCCGCTGTCAAGCTCGCGARCGACTACAL
csov AATGAGCAACTGGTGTCAACAGCATCTCACTACTGCCGTCAAGTTGGCCAATGACTACAC
rreaen ArrwE ww Ak REAEE b da AR AEA 4 A AR rAmemEed
5221 5280
oBDV CGCTTTCGACCAGTCTCAGCATGGCGAGGCCGTCGTCC TCGAGAGARAGAAGATGGAACG
CsSDV TGCCTTCGACCAGTCTCAGCATGGTGAGGCGGTCGTCC TTGARAGARAGAAARTGGARRG
LRl ARER AR bR A R A A AR RN TN IR wEpHT WA A KW h ok (S R ER S S ESS] EE R X I 1
5281 5340
OBDV CCTTTCCATCCCGGATCACCTCATCTCCCTCCACGTTCACCTTAAGACCCATGTCGARARC
csov ACTCTCCATCCCCCAGGCTCTCATTGATCTTCACATCCATCTCAAAARCCCATGTTTCCAC
* ¥ 2R EE RS > hkk A *h LS L] «-® wTw Lad RMEWEE NN * &
5341 5400
OBRDV CCAGTTTGGCCCTCTCACCTGCATGCGCCTARACCGGCGAGCCTGGCACCTACGACGACAA
CSDV CCAGTTTGGCCCCCTCACATGCATGCGCCTGACTGGCGAGCCTGGCACTTATGATGATAA
NEE A IR R AT R E FeNTr HERAAFFEIAR A AA AR ARSI AEEA AN Ak ks aa ww
5401 5460
OoBDV CACTGACTATAACCTCGCCGTCATCARCCTCGAGTACGCGGCTGCCCACGTCCCGACCAT
Ccsov CTCTGACTACAATCTTGCAGTTGTCAACTGTGAGTACATGGCTGCCAACACTCCCACTAT
d Rhk kA AN A hh ko ER *w LR RS 22 LR R R & &2 AR AR AR W Wk kA Ak
5461 5520
OBDV GGTCTCGGGCGACGATTCACTCCTTGACTTCGAGCCCCCACGCCGCCCAGAGTGGGTCGE
cspv GGTCTCAGGCGACGACTCCCTCCTGGATCGTGAGCCTCCCACTCGCCCTGAATGGGTCAT
FEAA RN Fhhhhwxk Fh AR & 8 & BN & 2 LR S Fxwdw ok AR NI A AN
5521 5580
OBDV CATCGAACCTCTTTTAGCCCTCCGCTTCAAGAAGGAGCGCGGTCTGTATGCCACCTTCTG
Csbpv CCTCCAGCCTCTTCTCAGTCTCCGCTTCAAGAAAGAARGGGGTCGGTACGCCACCTTCTG
* kk A Ak EAN W ISR EE R E AR AR S 8 A * ok k ok EER S IR R EEE R RS
5581 5640
OBDV CGGCTACTACGCCTCGCGAGTTGGCTGCGTCCGATCTCCCATCGCCCTCTTCGCTAAGCT
csDV TGGCTACTACGCCTCCCATGTCGGCTETGTCCGCTCCCCCGTGGCTCTCTTTGCCARGCT
EE 2R SR B E SR D E N A hhhhh AR Rkdh £ Ahkw N AF AEERE Kk LA R & 83
5641 5700
ORBDV CGCCATCGCCGTCGACGACTCATCCATCTCCGACAAGCTCGCCGCATACCTCATGGAGTT
CSDV GGCCATAGCTGTCGATGACGGCTCCATCTCTGACARAATGGCCTCATACCTCTCTGAATT
Ahdrw Ahk FEREIN AwR Fhrh b vk AR AR A whk kAT AT NN Ak Wk
5701 5760
OBDV CGCGGTCGGTCACTCTCTCGGCGACTCTCTTTGGTCCGCCCTCCCCCTGTCCGCCGTCCC
csov PGCTCTTGGCCACTCCCTTGGAGACCATCTCTGGGAAGCTTTGCCCCTCGAGGCCGTTCC
- h PEETEE R R R LI L A A AN - > * wwhww kb hk N W
5761 5820
OBDV CTTTCAGTCAGCCTGTTTCGATTTCTTCTGCCGCCGCGCTCCCCGCGATCTAAAGCTCGL
cspv CTTCCAATCTGCCTGCTTTGACTTCTTCTGCCGCCGGGCCCCCAGACACCTCARACTCTC
LR SRS AR EEEE EEANEL EEIEEESER SR EEE S B L B A 81 - L R xRk HAK W
5821 $8B0
CBDV CCTTCACCTGGGCGAAGTCCCTGAAARCCATCATCCARCGCCTC-~--TCCCACCTCTCCTG
Csbv TCTCATGCTCGGCGAGGTCCCAGAATCCATCATTGCCCGCATCGGGTCATCCTTGARGTG
* & Tk AARRRN AARAE AEA EEE A AN . ww * > * * -
5881 5940
OBDV GCTATCCCACGCCGTCTACAGCCTCCTCCCATCTCGCCTTCGCCTCGCCATCCTTCACAG
Cspv GGCCTCTCATGCCATCTACACCACACTCTCCTCTGCCGCTCGAGTGGCCATTCTGAGATC
- > > W w AR R RS - LA E BN BN R 2 3 » LR R - T E -
5941 6000
OBDV CTCACGCCAGCACCGTTCCCTCCCCGAARGACCCAGCCGTTTCTTCGCTTCAGGGTGAATT
Ccsov CTCCCGCAACAGCAGATCCATGCCAGATGACCCCGACACCACTCTGCTACAAGGTGAATT
cas PEa w v % owwr ow ot o be wwEEY xow T T
6001 6060
OBDV GCTTCAGACGTTCCATGCTCCA---ATGCCCTCTCTCCCTTCACTCCCACTCTTCGGCGG
cspv GCTTCAGCACTTTCAAGTACCATTCATGCARTCTGACACTCTCCTGCCTCTCACTGGTGG

P as ee o e raae aaw . s e 4w e e aw

6061 6120
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Figure 1 (continued)

OBDV TCTATCTCCCGACAACATCCTCACTCCCCACGAGTTCCGCACCGCCCTCTACGAARGCTC
CcSsov T=--TCCTCTGCTCCCATCCTCACACCAGARAGCCTTCTCCACCTCCCTC -~~~ =~ ===~
- * . - - AREETrE T D - w - - *he e Ew * Ak w ok
6121 6180
OBDV CGCCTACCCTACTCCTCCCAACTCTCCGACCTCCATGTCAGGAATCCATGCCTCGCAAGT
Cspv -GCCT-—--~—————m— === —— - TCTCCATGGCCAG---CGATGCC~--CAAGC
.- xw RS T X R - - * hEr Rk h R LR S &4
6181 6240
oBOV TGGTCCGCCCCCCGCCAGCGATGATCGEACTGACCGCCAGCCTTCTCTTCCTCTTGCTCS
CcsSbhv AGGTCCGGCCCCCAGTCGCGATGATCGCGTTGACCGCCAGCCTCGCCTTCCTGCTGCTCC
LR R ERER IR R B R AR B & R RS S B IR EE R REEREEE R Y LRSS 2 EE R E X2
6241 6300
QBDV TCGTATTGTGGAGAGCTCTCTCGCCGTGCCGCACGTCGACGTCCCGTTCCAATGGGCCGT
csov TCGCGTTGCTGAACGTTGGTCTCAATGCCCCGTCGGTCGACTACCCGTTCCAGTGGGTCGT
LR R * ok x Ry - * W - * ¥ LA 2 &N EE AR ER S S22 L2 R RS A3
6301 6360
OBDV CGCGTCGTACGCCGEAGACTCCGCCAAGTTCCTCACCGACGACCTCTCAGGATCCTCTCA
CSDV CGCCTCCTACGACGGATCAGAAGCCAAGARAACCTAAGTGATGATCTCTCTGGCTCTGCCAL
* " n LR 2 23 AR K2 MEXX WK LA &2 * - . & Wk R - > *
6361 6420
QBDV CCTGAGCCGCCTCACCATCGGCTATCGCCACGCCGAGCTCATCTCCGCCGAGCTCGAGTT
csbv TCTCACCAAAGTCATGGCCAACTACCGACATGCTGAGC TCACATCTGTTGAGCTGGAGGT
Tk dww - *h ¥ ww w h IEEEEE R L R 4 hhdkx KkEk ok
6421 6480
OBDV CGCCCCCETTGCCGCCGCCTTCECCARGCCCATCTCCGTCACCGCCGTCTGGACCATAGS
csov CTGCOCTCTTGCTGCAGCCTTCTCCARGCCCATCTCTGTGTCGGCCGTCTGGACCATTGE
* * W Adhhh AE ARARTER IEE R EZ R SRR X 2.8 W - LA ZEREZEEREEREER S - x
6481 6540
OBDV CTCCATCGCCCCAGCCACCACCACCGAGCTCCAGTACTACGGTGGCCGACTCCTCACCCT
CcSDv CTCCATCTCTCCAGCTTCCGCCTCTGARACCTCCTACTATGGCGGTCGACTCTTCACTGT
LEREE X EX 2 * ko k LR ] - . * -, * I 22 8 21 % - & R R R 2 22 LR 2 ) >
6541 6600
OBDV CGGAGGCCCCGTCCTCATGGGCTCCGTCACCCGCATCCCAGCCGACCTCACCCGCCTCAR
CSDv TGGCGGTCCTGTCCTCATGTCCAGCACCACCCATCTCCCTGCTGATCTCACCCGCCTCAA
Ah kA AE ERXNRN AT » - *w Wk W *hk ok ok A Ak IE R EERENEREEE & 23
6601 6660
OBDV CCCCGTCATCAAGACCGCCGTGGGCTTCACTGACTGCCCCCGCTTCACCTACTCCGTCTA
CcSDv TCCTGTGCTCAAGGGCCCCGTCARGTACACAGACTGCCCCAGATTCTCCTACTCCGTCTA
- - > IR R 2] * PR AR ] - »d I EEER SR X282 * EEZ BRI ETEE XSS 2R 22 )
6661 6720
oBDV TGCCAACGGCGGGTCCGCCARCACTCCTCTCATCACCGTCATGGTGCGAGGAGTTATCCG
CSDVv CTCCAATGGCGGAACCAAGGGCACCAATCTCTGCACCATCATCCTCCGGGGAGTTGTCCG
* ok kN AR R 2D - * . ww ** W LR R &3 - - & o w -k hk
6721 6780
OBDV CCTCTCCGGCCCTTCGGGCAACACCGTCACCGCCACCTAAGCCCTCTCACCGGTTTCAAC
csbv CCTCAGCGGCCCCTCCGGTAATCTTCTCGCT--TAGGCGAGCCTCTTCA--GGT-~--GAA
R LR E R X2 - & - L] - - * * ok k ER R 2 >k *
6781 6840
OBDV AGGAGTTTCTTCCTCGTTCTTCTCCTGACGACCAATGAACGTTGCTTATCCCCCCTTCAC
Ccsov GGARAACACCTCCTGGTCT~=~~~-~-—~— CAGCCAGGTAATGATGCTAARACCTCCCC---C
* * * R » - o - * rkhk R w ok k W ohkKx -
6841 6900
OBDV ATCCCTCCGTTTCCCCCTCCGTTTTCCTCTCTGTTCCATTCCCCCTCTCCCTCCCCGTCT
Ccsov GCTCAAGCAGCAATGCCTAGGGTTGCCGGTCGATCCAAAGACCGTTTTTCTTTATTATTT
S PO .
6901 6960
OBDV CAGCAATGAGTAAGGTTCCAGGTCGATTCAAAGACCTGATGGGATTTTCCTCGG

csov AATAAAARAAAAARARAR - == === - === == === m oo —e o



U.S. Patent Apr. 12,2016 Sheet 9 of 19 US 9,309,497 B2

Figure 2

Comparison of CSDV polypeptide domains with those from others
Tymoviridae virus (OBDV, GAMaV and GFkV)

a) Methyltransferase/Protease/Helicase/RNA-dependent RNA polymerase)

OBDV  memmeemmeme o MTTY-AFHPLLE === m oo e e
csbv MDRISARI PVAPASAGPTEYTPYPHTHPLLPRGVETSGPIQPCLHELPHHAQDAPIRCYR
* - PEE A

1 60
OBDV ~ mmmmemmscemeemeno TPTSFATITGGGLKDVIETLSSTIHRDTIAAPLMETLASPYR
csbv PLTFANHLRYDRSASSLKTPPVKLPLTGGTLADAILSLAPTTHRDTIATPLMEALAEPYR

". .:ﬁﬁt * '.Q :t:.ﬁ iiﬁb'i:"’*:bk.'*’

61 120
OBODV DSLRDFPWAVPASALPFLQECGI TVAGHGFKAHPHPVHKTIETHLLHKVWPHYRQUPSSV
csbv QSLSTYPWHIPTNLQPFLTSCGITTAGQGFKAHPHPVHKTIETNLLTNVWPHYATTPSGV

:?* :*' :’:' LR ."‘Dii_ti:t"i?i'*ﬂl"i"i:" :**t**i .*i'i

121 180
OBDV LFMKPSKFAKLQRGNANFSALHNYRLTAKDTPRYPNTSTSLPDTETAFMHDALMYYTPAQ
cspv MFMKPSKFEKLKIKQPNFSKLYNYRITAKDTTRYPSTS PDLPTEDTCFMHDALMYYSPGQ

:t!”’!' f*: :.'iﬂ *:I?':t'l'ﬁ.iiﬁ.ﬁt.'i* :i.*‘l*""‘i:*'i

181 240
OBDV IVDLFLSCPKLEKLYASLVVPPESSFTSISLHPDLYRFRFDGDRLIYELEGNPAHNYTQP
csov ICDLFLSRPSLQKLYASLVVPPESDETTISLFPDLYRYRIEKDQLIYELEQNPAHNY IQP

* "i.ﬂﬂ "1’:iiﬁi"il’k'?’.'1:"t‘**‘.’.:’:: ’:*"'*‘. A ERAERT WX

241 300
OBDV RSALDWLRTTTIRGPGVSLTVSRLDSWGPCHSLLIQRGIPPMHAEHDSI SFRGPRAVAIP
cspv RSAIDWLKTTTIRCQDLTLTISRLDSWGPVHSLLIQRGKPPIHLEEDSI SFRAPKAVLLP

tit:"ﬁtﬁ:‘itﬁ# '::tt:Iti*ﬂt"* TRk w AR rE . w ""*"t‘l*_i:it -.t

301 360
OBDV EPSSLHODLRHRLVPEDVYNALFLYVRAVRTLRVTDPAGFVRTQC SKPEYAWVTS SAWDN
cspv EPASLSQSVRDRLVPADVYQALFIYVRAVRTLRVTDPAGFVRTQI SKPEYSWVTSSAWDN

t':it i‘:t_*’*’ ‘.**:ﬂ".:‘.‘.***titt*ﬁtﬁ'tttt' 'ﬁ'*':’t*ti"‘.'

361 420
OBDV LAHFALLTAPHRPRTSFYLFSSTFQRLEHWVRHHTFLLAGLTTAFALPPSAWLANLVARA
cspv LAHFALATAPHRPHTTYFLFNSTAARVAHWFRTHTLAPLSGATAAAASLLMTASWGFRAM

LA A S A AR & ] L tﬂ_ﬁ-ﬁ * o - ‘ ﬁ‘- . t* * . -

421 480
oBpv SASHIOGLALARRWLITPPHLFRPPPPPSFALLLORNSTGPVLLRGSRLEFEAFPSLAPQ
csov 1SSHLVSLS ICKRWLKAPPHLLWPEKAPWFQLTLRPKVTGPLIDLPILRPFRLFPSTCAK

:t&: ‘?::.:**ﬁ :iﬁ‘i: * _ﬂ' *'ﬁ’: . ikt:: ’. * & & ..l

481 540
OBDV LARRFPFLARLLPQKPIDPWVVASLAVAVAIPRASLAVRWFFGPDTPQAMHDRYHTMFHP
csov LGAKHPALATLLPAAPRPTWPLKVGLALAAVPVCLFLWRKFIGPDSPQDMHDSYHAMFHP

* :.ﬁ R kR . . : . B - :0&*:" - Oi.ﬁﬁﬂ*

541 600
OBDV REWRLTLPRGPISCGRSSFSPLPHPPSP-TPAPDSRAEPLQ-—————--~——————~~= PP
cspv QPWGLTLTRKAICCDRAPFLPIPVVPSSDFKAPPTPATPLLTSI PIKGVEPQVSGEGVEP

. ~ 'ft.' ".t.ﬁ:" Q:' ’Q. - . H - -

601 660
OBDV SAPPST~=--~--- HEPAPADLEPQAPPAHAPQTEPPSPVIEQEARPNPLPAPAPLS — -~ -
cSDV anSSTGPASDSRRAPQPASSTGPDPPTQNTSAAPQPPIEShVTFAQPIESVAPVVPGAG

L oe e PR o« ws e s es o owws

661 720

0BOV  meemmmme o mcmmmesooeean APTPSASAPSLAPTP=--~-m——c-em—mm oo

csov EPPOSASSTGPASVSRRDPQVASSTTPDAPTLDVSVTPPKTIYPIDHLONDEGPCRCSVC
T L. e

721 780
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Figure 2 (continued)

OBDV ====SAPEPPSP-w-=vmr—-——=—=- TASEQAASLIPAP----SSALVVEPSGVVSASS
CSDpV EPLQPAPVPSTPLTVSDHKEAQODAEALSSALQALGLAPTPPAPQSQNLTVESSGAMHASS
LT Drr v % owow S e ke mw L ke
781 840
OBDV WGATNQPADQVDDSPLARDPSASGPVRFYRDLFPANYAGDSGTFDEFRARASGRSPTPYPA
CsDv WDQLSSPSSDWDPSPLARDSSASGPPGMYSDLFPAPYLPGTGQFIFRSRANGRANIPYPD
* R R P L T e I L T L Al
841 200
oBDV MDCLLVATEQATRISREALWDCLTATCPDSFLOPKSIAQHGLSTDHFVILAHREFSLCANF
C5Dv MDCLLLSIEQATRLPKEALWDTLCATCPDSLLDPDTIRRVGLSTDHFAILAHHYSLRCRFE
L e R L I R R e R L s E R ']
901 960
OoBDV HSAEHVIQLGMADATSIFMINHTAGSAGLPGHFSLRLGDQPRALNGGLAQDLAVAALREN
CSsov HTAHGVIELGMADATSSFDIDHTAGN---PGHFSLRQSATPR~-LNGGIAQDLAVAALREFN
Box | AR LeemERIEE b R ERE N FEEMEEE RN ERNRRCRFEERNE NN C R
961 1020
OBDV ISGDLLPTRSVHTYRSWPKRAKNLVSNMKNGFDGVMASINPIRPSDAREKIVALDGLLDI
csov IDGTLLPIRSVHVYSTWPKRAKNLS SNMKNGFDGIMANIHPTKTNESREKILALDSQLDI
Bk EAR kA ER H CRRAREERR AAFFRRRRN K F Kok L okkh kL kAR kA H
1021 1080
OBDV ARPRSVRLIHIAGFPGCGKTHPITKLLHTAAFRDFKLAVPTTELRSEWKELMKLSPSQAW
(390 AVRRSVRLIHIAGEFPGCGKSFPISRLLRTPTFRNFKVAVPTVELRAEWKTITGLPASEAW
) F O OREREEEXRNRRNRTRNR L KR XK K KRR RN F AR MFE * riEw
1081 1140
OBDV REGTWESSLLKSARILVIDEIYKLPRGYLDLAIHSDSSIEFVIALGDPLQGEYHSTHPSS
csov RIGTWESSLLKSARVLVIDEIYKMPRGYIDLAIHSDPTIEMVIALGDPLOQGEYHSTHPSS
R R L R e S R e RS
1141 1200
OBDV SNSRLIPEVSHLAPYLDYYCLWSYRVPQDVAAFFOVQSHNPALGFARLSKQFPTTGRVLT
csov TNSRLLSEPQHLSMYLDFYCLWSHRVPONVAAFFHVKTTSKQPGFCRYQRELPNS-RILA
IEFEEE L X WE G KR AXATWARAX ANWKN W s X X caew . Eawm:
1201 1260
OBDV NSQONSMLTMTQCGYSAVTIASSOGSTYSGATHIHLDRNSSLLSPSNSLVALTRSRTGVFFE
Ccsbv NSQNAGHTLQOCGYAAVTIASSOGSTYENAACIHLDRNSSLLS PAHSMVALTRSKVGVIF
e T L L I e R L
1261 1320
OBDV SGDPALLNGGPNSNLMFSAFFQGKSRHIRAWFPTLFPTATLLFSPLRQRHNRLTGALAPA
CSDv TGNDPAQLSNAPSSNRMFSEFFSGRTRPLHDWFHNEFPKATVLTEPLKTRGPRLTGAARS ——
SEFEE X A KT XAR KR W ow o KA KK WK Ay X RAREF .
1321 1380
OBDV QPSHLLLPDLPSLPPLPASGPYSRSFPVRSREAAAVKPSDRSDVLSWAPIAVGDGETNAP
cspv 0000 mmmmmee— e PYSKAVPIRQASTPALKPDFQGDVIISAPIVLGSGELNRP
Fh o e O R T S T
1381 1440
OBDV RIDTSFLPETRRPLHFDLPSFRPOAPPPPSDPAPSGTAFEPVYPGETFENLVAHFLPAHD
CsSbv QVSSHFLPETRRPLHWDIPSAIPESATRPDSTEPTTSHPEPVYPGETFENLAAHFLPAHD
A T T & S P P e I e S
1441 1500
OBDV PTDREIHWRRQLSNQFPHVDKEYHLAAQPMTLLAPIHDSKHDPTLLAASTIQKRLRERPSA
csov PTDREIYWQGQLSNQFPHMDKEFHLAAQPMSLLAAVHQEKQDPTLLPASIQKRLRFRPSD
B R L R e T L
1501 1560
OBDV SPYRISPRDELLGOLLYESLCRAYHRSPTTTHPFDEALFVECIDLNEFAQLTSKTQAVIM
Csbv KPYQITPKDEILGQLLFEGLCRAYHRSPFHTEAFDPVLFAECINLNEFAQLSSKTQATIM
B R e R I R T i R S L S I
1561 1620
OBDV GNARRSDPDWRWSAVRIFSKTQHKVNEGSI FGAWKACQTLALMHDAVVLLLGPVKKYQRY
csov GNARRSDPDWRWSAVRIFSKTQHKVNEGSI FRSWKACQTLALMHDAVVLILGPVKKYQRV
P R L R R R R R L e e R

1621 1680
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Figure 2 (continued)

oBDV FDARDRPAHLYIHAGQTPSSMSLWCOTHLTPAVKLANDYTAFDQSQHGEAVVLERKKMER
csbv FDORDRPRHLY IHAGNTPSQMSNWCQORLTTAVKLANDY TAFDQSOHGEAVVLERKKMER
B L e R e R et s LT TR
1681 1740
oBDV LSIPDHLISLHVHLKTHVETQFGPLTCMRLTGEPGTYDDNTDYNLAVINLEYARARHVPTM
Ccspv LSIPQALIDLHIHLKTHVSTQFGPLTCMRLTGEPGTYDDNSDYNLAVVNCEYMAANTPTHM
tt'il Qﬂ-t*:t",QQ."Qtttﬁﬁﬁﬁttt'iﬁﬁt'tﬁ:'Q‘ﬁ't:t - ":.ﬁtﬁ
1741 1800
OBDV VSGDDSLLDFEPPRRPEWVAIEPLLALRFKKERGLYATFCGY YASRVGCVRSPYIALFAKL
CcsSpv VSGDDSLLDREPPTRPEWVILQPLLSLRFKKERGRYATFCGY YASHVGCVRSPVALFAKL
AEEARTAAN KPR RKNRE KRR A K ARARE T KA A AR AP AN xR R AR bbbk
1801 1860
OBDV AIAVDDSSISDKLAAYLMEFAVGHSLGDSLWS ALPLSAVPFQSACFDFFCRRAPRDLKLA
CsSpv AIAVDDGSISDKMASYLSEFALGHSLGDHLWEALPLEAVPFQSACFDFFCRRAPRHLKLS
*Qhﬁﬂt.**"':':'. "':'Q**" ﬁ",0".t,i'*tti*ifti',ﬂi*.twi:
1861 1920
OBDV LHLGEVPETITORL-SHLSWLSHAVYSLLPSRLRLAILHSSRQHRSLPEDPAVSSLQGEL
CcsSDv LMLGEVPESIIARIGSSLKWASHAIYTTLSSAARVAILRSSRNSRSMPDDPDTTLLQGEL
I T T T T T L TR T S
1921 1980
OBDV LOTFHAPMPSLPSLPLFGGLSPDNILTPHEFRTALYESSAYPTPPNSPTSMSGIHASQVG
cspv LQHFQVPFMQSDTLLPLTGGSSAPILTPEAFSTSLAFSMAS —————————————— DAQAG
LE R R T . P R U T PR
1981 2040
oBDV PPPASDDRTDRQPSLPLAPRIVESSLAVPHVDVPFQWAVASYAGDSAKFLTDDLSGSSHL
csov PAPSRDDRVDRQPRLPAAPRVAEVGLNAPSVDYPFOWVVASYDGSEAKNLSDDLSGSATL
PR REE _ EKEE MK RN N K P RE KRRE RRTX R KX N KERRAK . X
2041 2100
OBDV SRLTIGYRHAELISAELEFAPLAAAFAKPISVTAVWTIASIAPATTTELQYYGGRLLTLG
CcsSpv TKVMANYRHAELTSVELEVCPLAAAFSKPISVSAVWTIASISPASASETSYYGGRLFTVG
T ‘ttﬁﬁﬁt i.tﬁi..iii&t‘:*'tkﬁ:t&iﬁ*‘ﬁﬁ:tﬁ:::ﬁ _***lii:.:*
2101 2160
OBDV GPVLMGSVTRIPADLTRLNPVIKTAVGETDCPREFTYSVYANGGSANTPLITVMVRGVIRL
Csbv GPVLMSSTTHLPADLTRLNPVLKGPVKYTDCPRFSYSVYSNGGTKGTNLCTIILRGVVRL
’**f*.*“::*.tﬁf.iﬂ**:* _i :ii'*":f’*’:'tt: _' * ‘:::"':'*
2161 2220
OBDV SGPSGNTVTAT
csov SGPSGNLLA-~

LEE A2 L

(b) Coat Protein 1

GAMavV SSAPQLTSEAFSLTLAQSMASPNVQAGPPPPSDDRTDRQPPLPRAPRLVEDASAIPEVDY
CcsSov SSAPILTPEAFSTSLAFSMAS-DAQAGPAPSRDDRVDRQPRLPAAPRVAEVGLNAPSVDY

LA 84 't.ﬂitt :'* LA ., ti'?.*. ﬂ** LR B N S 4 t'i:‘ N Hh h kA

1 60
GAMaVv PFQWVVASYDGSTAKNLTDVLSGSKTLSTITANYRHAELLSVELEFAPLAGSFSKPITLS
CsSbv PFQWVVASYDGSEAKNLSDDLSGSATLTKVMANYRHAELTSVELEVCPLAAAFSKPISVS

ArFAAE AL A RS Resd .k ANAE AhL . AAREENEE AwwES  ews reeaw. .=

61 120
GAMaV AVWTVGSITPATTTETSYYGGRVITIGGPVLMNSTTAVPADLRRLNPIIKDQISYTDCPR
CsSDv AVWTIASISPASASETSYYGGRLFTVGGPVLMSSTTHLPADLTRLNPVLKGPVKYTDCPR

D R R R R R R O N AR S R

121 180
GAMaVv FSYSVYANGGTAGTNLVTVLIRGVVRLRSPSGNLLA

cspv FSYSVYSNGGTKGTNLCTIILRGVVRLSGPSGNLLA

R R L O seemrhs
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Figure 2 (continued)

{c) Coat Protein 2

GAMav MASPNVQAGPPPPSDDRTDRQPPLPRAPRLVEDASAIPFVDYPFQWVVASYDGSTAKNLT
csov MAS- DRQAGPAFSRDDRVDRQPRLPAAPRVAEVGLNAPSVDYPFQWVVASYDGSEAKNLS
R H I‘Q"’. li' LA B BN R D.t:. LR AR R SRR F R RS 'tl’;
1 60
GAMaVv DVLSGSKTLSTITANYRHAELLSVELEFAPLAGSFSKPITLSAVWIVGSITPATTTETSY
Ccsov DDLSGSATLTKVMANYRHAELTSVELEVCPLAAARFSKPISVSAVWTIASISPASASETSY
* AW N lf:.: LR EEE RN ’tfi.h..ti.:fiéﬁﬂ::i..'i:.ﬁt:t':::it*’
61 120
GAMaVv YGGRVITIGGPVLMNSTTAVPADLRRLNPIIRKDQISYTDCPRFSYSVYANGGTAGTNLVT
csov YGGRLFTVGGPVLMSSTTHLPADLTRLNPVLKGPVKYTDCPRESYSVYSNGGTKGTNLCT
HERR AR RE A Er  RRRN FRRK - A . REAXFRAARNAK R RF kA A
121 180
GRMav VLIRGVVRLRSPSGNLLA
csov ITLRGVVRLEGPSGNLLA
srImeAEEE  AkawAMd

(d) Putative Movement Protein

GFkV MTSRAPSPPTPPCPSPPALKSSPSPVPTATPASPPLKPLSNPLPPPPPTPRPSTSAGPST
cspv MISLALPLSPKSWPTTOMLSSHLLSWRSALLLQP---=--===~ SPSPSLCRPSGPLPPSL

L S P T 3 ALk, ARR L as

1 60
GFkV PLPPPALRSSPSSALNASRGAPSTSPPPSSSPPSSPASTPPSRTPSPTPTAPASPVASTA
csov QLPP"LKPPTMAVDSSLLAVLSSCPAPPISLLI SPASILCSRAPSSTQTAPDSPTPSTP

*xw * . N s ':.’.t‘ > LR R X . 't.i L T A **

61 120
GFXxV MTPASPSVPPPPSRAAPSSSAALSSAPPPSTAPLPRHEPRPPPPLPPPLOPPPGVRVPRSV
csov MAEPRAPISAPSSSGELS-—--ASAAPPVIFSLRRASSGBGKHLLVSAR ———————————

..... okl IR A S .3

121 180
GFkV AFPLPLARELPPLRLPPAPYLHPLLARLAPLRLRPPPDLPSPPLSPPLSPPLSPISPLHA
CSDV me e et m e e e mcec s e~ -

181 240
GFkV PAPPPHPDPVLLPALSLAISRAAPDLLRLLSLLSPPSLFLLETLLSIHFSPEPIFILLSL
CSDV e e e e e

241 300
GFkV LLLLQFPRT

CSDV  mmmmmemem
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Figure 3

Agarose gel electrophoresis of DNA fragments amplified with primers

based on the CSDV nucleic acid sequences

Mabcdefghij; klmnopqr st uvx z
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Figure 4

RNA gel blot analysis of RNA samples from CSD-symptomatic and -

asymptomatic plants
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Figure 5

Agarose gel electrophoresis of PCR products of a DNA fragment amplified

with primers based on the CSDV nucleic acid sequences

12345 678 9 1011121314 1516 17 18 19 20 21 22
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Figure 6

Western blot detection of the CSDV Coat Proteins in the crude protein

extracts of CSD-affected and unaffected citrus trees

CSD-affected non-affected

p22.5 p21 A B C D E F G

24 kDae—p |-

21 kDa—s|
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Figure 7

Electron microscopy of CSDV purified from infected citrus tissues
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Figure 8

Northern blot hybridization of total nucleic acids extracted from purified

CSDV preparation

“;F— 7.46 kb

#—1.35kb
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Figure 9

Drawing of TDNA insert fragment correspondent to pTYMO-AS vector

T-DNA  xhot Xho ! Eco Rl Xba f Saci _ T-DNA
Lefl Border Right Bordcr

(, Bar ]((:amvass Prom(20)]  [camvass prom.2x) ) |(ERURT GSD5VE
]

CaMV Nopaline synthase
poly A signal poly A signal
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ISOLATED NUCLEIC ACID MOLECULES
FROM THE GENOME OF CITRUS SUDDEN
DEATH VIRUS AND USES THEREOF

RELATED APPLICATIONS

This application claims priority of PCT International
Application PCT/BR2004/000179, filed Sep. 20, 2004,
which designated the United States, and is a continuation in
part of provisional application Ser. No. 60/506,520, filed Sep.
26, 2003, provisional application Ser. No. 60/508,979, filed
Oct. 6, 2003, provisional application Ser. No. 60/529,246,
filed Dec. 12, 2003, and provisional application Ser. No.
60/560,466, filed Apr. 7, 2004, all of which are incorporated
by reference in their entirety.

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted in ASCII format via EFS-Web and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on May 4, 2011, is named 05999401 .txt and is
93,350 bytes in size.

FIELD OF THE INVENTION

The invention relates generally to the fields of molecular
biology, biochemistry, plant pathology, and agriculture. More
particularly, the invention relates to polynucleotides and pro-
teins from a phytopathogenic virus, suitable for disease diag-
nosis and generation of transgenic plants with resistance to
infectious viruses strains.

BACKGROUND OF THE INVENTION

Several Citrus diseases have been shown to be caused by
infection with pathogenic viruses (Derrick, K. S. and Timmer,
L. W., Annu. Rev. Phytopathol., 38. 181-205 (2000)). One of
the most important of these viruses is Citrus Tristeza Virus
(CTV), a member of the Closterovirus group which induces
serious disease syndromes in citrus. For example, CTV
induces quick decline that causes the death of trees grafted on
sour orange rootstock, and stem pitting of scion cultivars
regardless of the rootstock used (Bar-Joseph et al., Annu. Rev.
Phytopathol., 27.291-316 (1989)). These discases cause sig-
nificant losses in the citrus industry worldwide.

In Brazil, citrus tristeza, first detected in 1937, destroyed
millions of trees of sweet orange grafted on sour orange
rootstocks. The problem was solved by exchanging sour
orange rootstock with Rangpur lime rootstock. Today, more
than 85% of the 200 million citrus trees in Brazil are grafted
on Rangpur lime rootstock (Gimenes-Fernandes, N. and Bas-
sanezi, R. B., Summa Phytopathologica., 27. 93 (2001)).

In 1999, a new citrus disease, named Citrus Sudden Death
(CSD) was discovered in Brazil (Gimenes-Fernandes, N. and
Bassanezi, R. B. Summa Phytopathologica., 27. 93 (2001)).
This disease affects sweet orange (Citrus sinensis) grafted on
Rangpur lime rootstock (Citrus limonia), and causes the
death of trees within a few months after the symptoms mani-
fest (Gimenes-Fernandes, N. and Bassanezi, R. B. Summa
Phytopathologca., 27. 93 (2001)). Although the disease was
first observed in the sweet orange/Rangpur lime scion/root-
stock combination, it has also been observed in orange trees
cvs. Hamlin, Natal, Valencia, Pera, and Rubi, all grafted onto
Rangpur lime (Bassanezi et al., Phytopathol., 93. 4. 502-512
(2003)).
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Plants with CSD symptoms present generalized leaf dis-
coloration, partial defoliation, decreased number of young
shoots and absence of internal shoots (Bassanezi et al., Phy-
topathol., 93. 4. 502-512 (2003)). As the symptoms become
more pronounced, the disease progresses rapidly and leads
ultimately, to the death of the plant. The physiological status
of'the plant is important for the disease progression, since the
severity of the symptoms increase at high water demand
(Gimenes-Fernandes, N. and Bassanezi, R. B. Summa Phy-
topathologica., 27. 93 (2001)). The root system of the symp-
tomatic plants is severely damaged and dies quickly as the
disease progresses. CSD is also characterized by the devel-
opment of a strong yellow stain in the phloem of the Rangpur
lime rootstock (Gimenes-Fernandes, N. and Bassanezi, R. B.
Summa Phytopathologica., 27. 93 (2001)). The time between
the appearance of the first visible symptoms in the canopy and
the death of the plant ranges from 1 to more than 12 months
depending on season and citrus variety (Bassanezi et al.,
Phytopathol., 93. 4. 502-512 (2003)).

The number of symptomatic trees in one affected area
(north of S&o Paulo State and south of Triangulo Mineiro
region, west of Minas Gerais State, Brazil), where the disease
was originally found, increased from 500 in 1999 to more
than 300,000 in February, 2002, and more than 1 million in
June 2003 (Bassanezi, et al., Phytopathol., 93. 4. 502-512
(2003)); (Romén et al., Plant Disease, 88.5.453-467 (2004)).
The pattern of CSD dissemination is similar to that of quick-
decline, a disease caused by certain CTV isolates that elicit a
graft union incompatibility when infected sweet orange sci-
ons are grafted onto sour orange rootstocks (Bassanezi et al.,
supra) however, CSD affects several sweet oranges grafted on
Rangpur lime, a rootstock/scion combination that is not
affected by the CTV strains that causes quick-decline (Bas-
sanezi et al., supra).

Based on the spatial and temporal patterns of CSD dissemi-
nation, it has been hypothesized that CSD may be caused by
an insect-vectored pathogen, potentially a new, undescribed
strain of CTV (Bassanezi et al., supra.) Alternatively, a new
virus could be the causative agent of the CSD disease.

To test if CSD is caused by a variant strain of CTV or is
caused by a new virus, a genomic approach using shotgun
sequencing of genomic viral RNA that had been randomly
reverse transcribed and cloned in a plasmid vector, was used
to study the disease described herein. Bioinformatic tools
were developed for the identification and assembly of viral
sequences. Using this approach, it was possible to obtain a
saturated database of viral sequences from individual trees.

Genomic viral RNA isolated from citrus trees symptomatic
or asymptomatic for CSD were reverse transcribed and the
first strand cDNA was used to construct random-primed
cDNA libraries. Around 2,000 cDNA clones from each tree
were sequenced and the sequences were analyzed using
BLASTX, BLASTN, and TBLASTX searches against public
databases. A viral genome assembled consensus sequence of
6820 nucleotides (SEQ ID NO: 1) encoding a viral polypro-
tein (SEQ ID NO: 2) sufficient to assemble a viral particle,
was identified.

The 6820 nucleotides viral genome sequence, when trans-
lated in all possible frames, give rise to, at least, the following
polypeptides: a Major Capsid Protein (Coat Protein 1)
encoded by the Nucleotide Sequence Domain (NSD1) start-
ing at nucleotide position 6028 and ending at nucleotide
position 6675 of SEQ ID NO: 1, whose translation product
give rise to the Amino Acid Sequence Domain (AASD) of the
polypeptide of SEQ ID NO: 2, starting, at amino acid position
1974 and ending at amino acid position 2188; a Minor Capsid
Protein (Coat Protein 2) encoded by NSD2 of SEQ ID NO: 1
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starting at nucleotide position 6082 and ending at nucleotide
position 6675, whose translation product give rise to the
AASD ofthe polypeptide of SEQ ID NO: 2, starting at amino
acid position 1992 and ending at amino acid position 2188; a
Putative Movement Protein encoded by NSD3 of SEQ ID
NO: 1 starting at nucleotide position 6260 and ending at
nucleotide position 6724, whose translation product give rise
to the AASD of the polypeptide of SEQ ID NO: 3, starting at
amino acid position 1 and ending at amino acid position 154;
a Methyltransferase Domain encoded by NSD4 of SEQ ID
NO: 1 starting at nucleotide position 487 and ending at nucle-
otide position 1119, whose translation product give rise to the
AASD ofthe polypeptide of SEQ ID NO: 2, starting at amino
acid position 127 and ending at amino acid position 337; a
Protease Domain encoded by NSD5 of SEQ ID NO: 1 starting
at nucleotide position 2797 and ending at nucleotide position
3114, whose translation product give rise to the AASD of the
polypeptide of SEQ ID NO: 2, starting at amino acid position
897 and ending at amino acid position 1002; a Helicase
Domain encoded by NSD6 of SEQ ID NO: 1 starting at
nucleotide position 3358 and ending at nucleotide position
4053, whose translation product give rise to the AASD of the
polypeptide of SEQ ID NO: 2, starting at amino acid position
1084 and ending at amino acid position 1315; a RNA-depen-
dent RNA polymerase encoded by NSD7 of SEQ ID NO: 1
starting at nucleotide position 4528 and ending at nucleotide
position 5778, whose translation product give rise to the
AASD ofthe polypeptide of SEQ ID NO: 2, starting at amino
acid position 1474 and ending at amino acid position 1890.

The viral genome sequence showed strong similarity to
several viruses from the Tymoviridae family of plant viruses,
especially the oat blue dwarf virus (FIGS. 1 and 2). Analysis
of CSD-symptomatic or asymptomatic trees for the presence
of these viral sequences revealed that only trees presenting
the CSD symptoms contain the viral sequences. It was there-
fore assumed that these sequences belong to an undescribed
virus of the Tymoviridae family which is the causative agent
of the CSD disease.

SUMMARY OF THE INVENTION

The present invention relates to nucleic acid molecules of
and from the genome of a virus that is the causative agent of
CSD disease. Sequence comparison with a number of viral
genome sequences revealed that this new virus belongs to the
Tymoviridae family. This new virus is herein named “Citrus
Sudden Death Virus,” or “CSDV™. It is hereafter an object of
the invention to provide nucleic acid molecules which encode
infectious CSDV. Such nucleic acid molecule is referred to
throughout the application as “CSDV nucleic acid mol-
ecules”.

For the purposes of this application, nucleic acid molecules
refers to RNA, DNA, cDNA or any variant thereof with
functions equivalent to RNA, gDNA, and cDNA, such as the
synthesis of CSDV polypeptide domains. Also, the polypep-
tide domains encoded by CSDV nucleic acid molecules are
referred to throughout the application as “CSDV polypep-
tides” or “CSDV proteins”.

The invention relates to the use of the CSDV nucleic acid
molecules to produce polypeptides. “Nucleic acid molecules
of the invention” refers to, e.g., CSDV nucleic acid mol-
ecules, mutations of CSDV nucleic acid molecules, chimeric
nucleic acid molecules and so forth.

In one embodiment, polypeptides are produced by cells
transfected with nucleic acid molecules of the invention. In
another embodiment, the polypeptide or polypeptides are
produced recombinantly from a fragment or portion of the
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nucleic acid molecules of the invention. In yet another
embodiment, the polypeptides are chemically synthesized.

Since, in nature, the CSDV proteins are ultimately synthe-
sized from the information contained in the genome sequence
of CSDV, the invention also relates to the use of the CSDV
particles isolated and purified from infected plants tissues
and/or organs. In one embodiment the particles can be used to
produce antibodies against the CSDV proteins. In another
embodiment the purified CSDV particles can be used to iso-
late and purify CSDV protein domains that can further be
used to produce antibodies against CSDV.

The polypeptides of the invention can serve, e.g., as immu-
nogens in the development of diagnostic assays for detecting
the presence of CSDV in biological samples, as they provoke
antibody production, and the antibodies can then be used in
assays.

The invention also relates to the use of the CSDV nucleic
acid molecules for diagnosis purposes, in which oligonucle-
otide primers containing from 5 to 100 nucleotides presenting
from 90 to 100% identity with the CSDV nucleotide
sequences canbeused in, e.g., RT-PCR reactions, so that parts
of the CSDV nucleic acid molecules can be amplified and
detected in ordinary agarose gels serving as a diagnostic for
the presence of the virus.

The invention also relates to methods of transforming
plants, such as monocots or dicots, with constructs containing
the CSDV nucleic acid molecules, to produce plants that are
resistant to CSDV. Such methods include the introduction of
constructs containing at least one CSDV nucleic acid mol-
ecule into plant parts, such as scions, rootstock cultivars, and
so forth, as well as into citrus germplasm and breeding lines.
Transformed CSDV-resistant germplasm and breeding lines
can be used in conventional breeding programs, to create new
cultivars that carry and express the resistance genes.

Accordingly, the invention features (i) isolated and/or puri-
fied CSDV nucleic acid molecules that have at least 65%
sequence identity with the nucleotide sequence of SEQ ID
NO.: 1; (ii) sequences complementary thereto or nucleotides
whose complement hybridizes under high stringency condi-
tions to the nucleotide sequence of SEQ ID NO.: 1; as well as
with the coding regions of the domains encoded therein (iii)
polypeptides or portions of polypeptides that have at least
70%, more preferably 80% sequence identity with the amino
acid sequence of SEQ ID NO.: 2, or with any of the domains
within SEQ ID NO:2 as defined herein.

“Stringent conditions” as used herein, refers to parameters
with which the art is familiar, i.e., hybridization in 3.5xSSC,
1xDenhardt’s solution, 25 mM sodium phosphate buffer (pH
7.0), 0.5% SDS, and 2 mM EDTA for 18 hours at 65° C.,
followed by 4 washes of the filter at 65° C. for 20 minutes, in
2xSSC, 0.1% SDS, and a final wash for up to 20 minutes in
0.5xSSC, 0.1% SDS, or 0.3xSSC and 0.1% SDS for greater
stringency, and 0.1xSSC, 0.1% SDS for even greater strin-
gency. Other conditions may be substituted, as long as the
degree of stringency in equal to that provided herein, using a
0.5xSSC final wash.

The invention also features expression vectors or con-
structs in which the CSDV nucleic acid molecules are oper-
ably linked to one or more expression control sequences or
promoters.

The invention further features a transgenic plant, such as
one of the genera Citrus and Poncirus, into which a CSDV
nucleic acid molecule has been introduced. Exemplary are
citrus scions and rootstock cultivars (e.g., from sour orange
[Citrus aurantium|, Rangpur lime [Citrus limonia], rough
lemon [Citrus limonia and Citrus jambhin|, mandarin “Cleo-
patra” [Citrus reshni], Sunki [Citrus sunki], Volkamerian
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lemon [Citrus volkameriana), “Caipira” orange |[Citrus sin-
ensis|) and intrageneric hybrids (e.g., tangelos [ Citrus para-
disixCitrus reticulate), tangors [Citrus reticulatexCitrus sin-
ensis|, citramelo [Poncirus trifoliataxCitrus maxima), and
citrange [ Citrus sinensisxPoncirus trifoliate]). The plant can
be a breeding line. It can also be one from Fortunella and
Citrofortunella species, including calamondin and kumquat.
The nucleic acid molecule in the plant preferably includes a
selectable marker such as an herbicide resistance gene.

The invention relates to nucleic acid molecules, and the
polypeptides they encode, which were identified using shot-
gun sequencing of viruses genomes from citrus plants with or
without symptoms of CSD. These sequences come from a
newly identified virus of the Tymoviridae family which, when
it infects a plant, such as a citrus plant, causes CSD disease,
leading to the death of the plant. Methods of genetic transfor-
mation to produce plants that are resistant to CSDV strains are
within the invention. Such methods include the introduction
of constructs containing the CSDV nucleic acid molecules
into scions and/or rootstocks, so that commercial varieties or
any other germplasm useful for breeding programs can be
produced and used to create new cultivars resistant to CSDV.

Accordingly, the invention involves purified CSDV nucleic
acid molecules, which may be isolated from citrus plants
manifesting symptoms of CSD, that when used in appropriate
constructs have the ability to confer resistance to pathologies
caused by CSDV infection in plants infected with CSDV. The
nucleic acid molecule can be a purified portion or a gene
present in the complete genome of CSDV, e.g., a nucleic acid
molecule whose nucleotide sequence encodes a polypeptide
or a portion of a polypeptide that has at least 80% sequence
identity to the amino acid sequence of SEQ ID NO.: 2. The
nucleotide sequences can be that of SEQ ID NO.: 1 or one that
define polynucleotides whose complement hybridizes under
high stringency conditions to the nucleotide sequences of
SEQID NO.: 1.

The invention also features expression vectors, isolated
recombinant cells, and plants and plant parts containing the
nucleic acid molecule of the invention, e.g., one of the nucleic
acid molecules described above. The nucleic acid molecule in
the vector, cell, seed or plant can be operably linked to one or
more expression control sequences or promoters.

In addition, the invention features the purified proteins
encoded by the nucleic acid sequence domains present in the
genome sequence of CSDV. The proteins include those with
amino acid sequences that (a) share at least 80% sequence
identity with SEQ ID NO.: 2 or (b) includes the amino acid
sequences of SEQ ID NO.: 2. Proteins of the invention can be
expressed in bacteria either as “neat” proteins, or as heterolo-
gous or fusion polypeptides. The invention also features anti-
bodies raised against the proteins of the invention, e.g., those
described above. The antibodies can further include a detect-
able label.

The invention also features a plant transfected with one of
the nucleic acid molecules of the invention, e.g., any purified
CSDV sequence. The plant may be of the genera Citrus and
Poncirus (e.g., sweet orange [ Citris sinensis], mandarin [Cit-
rus reticulata], sour orange [ Citrus aurantium|, Rangpur lime
[Citrus limonia), rough lemon [Citrus limonia and Citrus
Jjambhin], mandarin “Cleopatra” [Citrus reshni], Sunki [Cit-
rus sunki], Volkamerian lemon [Citrus volkamerianal,
“Caipira” orange [Citrus sinensis]) and intrageneric hybrids
(e.g., tangelos [Citrus paradisixCitrus veticulata), tangors
[Citrus reticulatexCitrus sinensis|, cittumelo [Poncirus tri-
JfoliataxCitrus maxima), and citrange [Citrus sinensisxPon-
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cirus trifoliate]). The plant can be a breeding line. It can also
be one from Fortunella and Citrofortunella species, including
calamondin and kumquat.

The invention features a method of producing a discase
resistant plant by introducing constructs containing purified
nucleic molecules under the control of a suitable plant pro-
moter, into the plant, transforming the plant with Agrobacte-
rium strains or microprojectile bombardment.

All technical terms used herein are terms commonly used
in biochemistry, molecular biology, phytopathology and agri-
culture, and will be understood by one of ordinary skill in the
art to which this invention belongs. Those technical terms can
be found in, e.g., Molecular Cloning: A Laboratory Manual,
3rd ed., vol. 1-3, ed. Sambrook and Russel, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y., 2001;
Current Protocols in Molecular Biology, ed. Ausubel et al.,
Greene Publishing Associates and Wiley-Interscience, New
York, 1988 (with periodic updates); Short Protocols in
Molecular Biology: A Compendium of Methods from Cur-
rent Protocols in Molecular Biology, 5* ed., vol. 1-2, ed.
Ausubel et al., John Wiley & Sons, Inc., 2002; Genome
Analysis: A Laboratory Manual, vol. 1-2, ed. Green et al.,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y., 1997. Methods involving plant biology techniques are
described herein and are described in detail in methodology
treatises such as Methods in Plant Molecular Biology: A
Laboratory Course Manual, ed. Maliga et al., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1995.
Various techniques using PCR are described, e.g., in Innis et
al., PCR Protocols: A Guide to Methods and Applications,
Academic Press, San Diego, 1990 and in Dieffenbach and
Dveksler, PCR Primer: A Laboratory Manual, 2" ed., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.,
2003. PCR-primer pairs can be derived from known
sequences by known techniques such as using computer pro-
grams intended for that purpose (e.g., Primer, Version 0.5,
1991, Whitehead Institute for Biomedical Research, Cam-
bridge, Mass.). Methods for chemical synthesis of nucleic
acids are discussed, for example, in Beaucage and Caruthers
(1981) Tetra. Letts., 22:1859-1862 and Matteucci and Caru-
thers (1981) J. Am. Chem. Soc., 103:3185.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more readily understood by reference
to the accompanying drawings, wherein:

FIG. 1 shows the alignment of the nucleotide sequence of
the CSDV genome (SEQ ID NO: 1) with that of the Tymoviri-
dae Oat Blue Dwarf Virus/OBDV-GI 9629255 (SEQ ID NO:
13).

FIG. 2 shows the alignments of the amino acid sequence of
the polyprotein encoded by the CSDV genome (SEQ ID NO:
2) with those encoded by other Tymoviridae genomes [Oat
Blue Dwarf Virus/fOBDV—GI 9629255 (SEQ ID NO: 14),
Grapevine Fleck Virus/GFkV—GI 18138525 (SEQ 1D NO:
19), Grapevine Asteroid Mosaic-Associated Virus/
GAMaV—GI 29335718 (SEQ ID NO: 15)]. FIG. 2 (b) dis-
closes SEQ ID NOs: 15-16, respectively, in order of appear-
ance. FIG. 2 (¢) discloses SEQ ID NOs: 17-18, respectively,
in order of appearance. FIG. 2 (d) discloses SEQ ID NOs: 19
and 3, respectively, in order of appearance.

FIG. 3 shows the PCR amplification of a DNA fragment
amplified with primers based on the CSDV nucleotide
sequence of SEQ ID NO.: 1. CDNA samples were prepared
from symptomatic and asymptomatic citrus trees. Only trees
presenting the CSD symptoms contain an amplifiable CSDV
sequence of SEQ ID NO.: 1.



US 9,309,497 B2

7

FIG. 4 shows the results of a Northern Blot experiment in
which RNA samples from symptomatic and asymptomatic
plants were subjected to an RNA gel blot analysis to verify the
presence of RNA species able to hybridize with a DNA probe
derived from the CSDV sequences. Only lanes containing
RNA samples from symptomatic trees possess a band sizing
6.5 kbp representing the complete CSDV viral RNA genome.

FIG. 5 depicts the results of a RT-PCR experiment per-
formed on total RNA taken from insect bodies, to determine
the vectors that transmit CSD.

FIG. 6 shows the results of a western blot experiment in
which total protein extract from symptomatic and asymptom-
atic plants where subject to a protein gel blot analysis devel-
oped with antibody against the CSDV Coat Proteins 1 and 2,
respectively.

FIG. 7 shows an electron micrography of virus particles
purified from citrus plants presenting CSD symptoms.

FIG. 8 shows a Northern blot of RNA extract from purified
virus particle.

FIG. 9 shows a drawing of the vector pTYMO-AS that
contain part of the RNA-dependent RNA polymerase
sequence domain (SD7, as defined in SEQ NO.: 1) operably
linked to the CaMV 35S promoter. This vector was used to
transform citrus plants by Agrobacterium mediated transfor-
mation.

DETAILED DESCRIPTION OF THE INVENTION

Nucleic acid molecules from the genome of an undescribed
virus that causes Citrus Sudden Death (CSD) have been
cloned and sequenced. Such nucleic acid molecules are
referred to throughout the application as “CSDV nucleic acid
molecules”. Polypeptides predicted from CSDV nucleic acid
molecules have been analyzed using software programs
including BLAST, and have been shown to encode, inter alia,
an RNA polymerase, a methyltransferase, a protease and a
helicase that are involved in the replication of the CSDV, a
movement protein involved in the translocation of the virus
throughout the plant, and the capsid proteins responsible for
the encapsulation of the virus genome.

The molecular cloning of CSDV nucleic acid molecules
provides the means to develop diagnostic methods to detect
the presence of CSDV in biological samples, including tis-
sues, cells and organs of plants, such as plants of the genus
Citrus. The molecular cloning of CSDV nucleic acid mol-
ecules also provides the means to create CSD-resistant plants
of the genus Citrus through genetic transformation. Genetic
transformation of plants of the genus Citrus, can be obtained
using Agrobacterium mediated transformation methods.
Such methods include cloning constructs containing CSDV
nucleic acid molecules operably ligated to promoter and
enhancer regions, initiation and termination sequences.
These constructs can also contain genes for selectable mark-
ers, such as herbicide resistance. These constructs may be
cloned in the Ti plasmid of Agrobacterium. Plasmid vector-
containing constructs are used to transform commonly used
Agrobacterium strains, which are subsequently used to trans-
form plants, such as those of the genus Citrus. Plasmid vec-
tor-containing constructs may be also introduced into plants
by microprojectile bombardment. The constructs containing
the CSDV nucleic acid molecules are useful for creating CSD
resistant plants such as all common types of citrus fruits,
including but not limited to sweet oranges, grapefruit, man-
darins, tangerines, pummelos, lemons, limes, citrons, berga-
mots, limequats, meyer lemons, silver limes, key limes, kaffir
limes, lavender gems, blood oranges, satsumas, oroblancos,
melogolds, bergamots, intrageneric hybrids such as tangelos
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and tangors, and citrus-type fruit such as calamondins and
kumquats (Fortunella spp.). For example, CSDV nucleic acid
molecules can be introduced into commercially utilized root-
stock cultivars, including but not been limited to, Rangpur
lime, sour orange, rough lemon, various mandarins, and citrus
intrageneric and intergeneric hybrids. CSD resistant citrus
plants, composed of genetic modified scions and rootstocks,
can then be used by citrus growers to counter CSD disease,
and to avoid decreased productivity and/or tree death and
replanting costs.

The invention provides purified nucleic acid molecules
(polynucleotides) that encode polypeptides having an amino
acid sequence such as that of SEQ ID NO.: 2.

The CSDV nucleic acid molecules of the present invention
can be obtained from CSDV infected plants. The molecules of
the present invention may be in the form of RNA or in the
form of cDNA. The cDNA may be double- or single-stranded,
and, if single-stranded may be the coding (sense) strand or
noncoding (anti-sense) strand. The sequence may be identical
to a nucleotide sequence of SEQ ID NO.: 1. It may also be a
different coding sequence which, as a result of the redun-
dancy or degeneracy of the genetic code, encodes the same
polypeptide as polynucleotides of SEQ ID NO.: 1. Other
nucleic acid molecules within the invention are variants of
CSDV nucleic acid molecules such as those that encode frag-
ments, analogs and derivatives of native CSDV nucleic acid
molecules. Such variants may be, e.g., naturally occurring
polymorphic variants of native CSDV nucleic acid mol-
ecules, or a non-naturally occurring variant of native CSDV
nucleic acid molecules. For example, the nucleotide sequence
of such variants can feature a deletion, addition, or substitu-
tion of one or more nucleotides of native CSDV nucleic acid
molecules. Naturally occurring variants of native CSDV
nucleic acid molecules within the invention are nucleic acids
isolated from CSDV infected plants that have at least 65%
sequence identity with native CSDV nucleic acid molecules,
and encode polypeptides having at least one functional activ-
ity in common with native CSDV nucleic acid molecules
encoded proteins.

Shorter oligonucleotides (e.g., those from 6-200, prefer-
ably 12-200, more preferably 20, 30, or 50 to 200 (100, 125,
150 or 200) base pairs in length), e.g., that match perfectly to
the CSDV nucleic acid molecules or hybridize with CSDV
nucleic acid molecules at stringent conditions as defined
herein can be used as probes, primers, or antisense molecules.

Longer polynucleotides (e.g., those of 300 to 800 base
pairs) that encode or hybridize with CSDV nucleic acid mol-
ecules, can be used in place of a native CSDV nucleic acid
molecule in applications where it is desired to modulate the
functional activity of a native CSDV nucleic acid molecule.

Nucleic acids molecules that hybridize under stringent
conditions as defined herein to CSDV nucleic acid molecules
of SEQ ID NO.: 1 or the complement of the SEQ ID NO.: 1
are also within the invention. For example, such nucleic acids
can be those that hybridize with the CSDV nucleic acid mol-
ecules of SEQ ID NO.: 1 or the complement of the SEQ ID
NO.: 1, under low stringency conditions, moderate stringency
conditions, or high stringency conditions, and are within the
scope of the invention. Preferred nucleic acids molecules are
those having a nucleotide sequence that is the complement of
all or a portion of the CSDV nucleic acid molecules of SEQ
IDNO.: 1. Other variants of nucleic acid molecules within the
invention are polynucleotides that share at least 65%
sequence identity to the CSDV nucleic acid molecules of
SEQ ID NO.: 1 or the complement of SEQ ID NO.: 1.

Other CSDV nucleic acid molecules encoding polypep-
tides are also within the invention. Such polypeptides can be
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made by preparing a construct (e.g., an expression vector)
that expresses CSDV nucleic acid molecules encoding
polypeptides, when introduced into a suitable host. Variant
CSDV nucleic acid molecule-encoding polypeptides can be
produced by those skilled in molecular biology procedures
using standard nucleic acid mutagenesis techniques or chemi-
cal synthesis, or the polypeptides can be isolated and purified
from CSDV particles isolated and purified from infected
plants, as the CSDV particles encoded by nucleic acid mol-
ecules of SEQID NO.: 1 and polypeptide domains of SEQ ID
NO.: 2. Antibodies can be produced against the isolated and
purified CSDV particles and can be used for serological diag-
nosis of the virus.

Another aspect of the invention relates to the use of purified
antisense nucleic acids to inhibit expression of CSDV nucleic
acid molecules. Antisense nucleic acid molecules within the
invention are those that specifically hybridize under cellular
conditions to cellular mRNA and/or genomic RNA of CSDV
in a manner that inhibits expression of the nucleic acid
domains encoded by the CSDV nucleic acid molecules.

The antisense nucleic acid molecules can be delivered into
cells that express CSDV genes. For instance, constructs
expressing antisense molecules under the control of a strong
promoter can be introduced into citrus plants by genetic trans-
formation using Agrobacterium or microprojectile bombard-
ment (Ghorbel et al. Tree Physiology., 20. 1183-1189 (2000);
Bespalhok et al., Crop Breed. Appl. Biotech., 1.27-34 (2001);
Bespalhok et al., Braz. Arch. Biol. Technol., 46.1. 1-6 (2003);
Molinari et al., Scientia Horticulturae., 99. 34. 379-385
(2004); Jia-Long et al., Plant Science, 113. 2. 175-183
(1996)).

The expression of CSDV nucleic acid molecules can be
modulated by RNA interference (RNAi) (Lee et al. Nature
Biotech., 19. 500-505 (2002); Voinnet, O. Trends Genet., 17.
449-459 (2001)) by which a construct driving the synthesis of
sequence-specific double-stranded RNA (dsRNA) is intro-
duced into an organism or cell in order to silence the targeted
gene (Hannon, Nature, 418. 244-251 (2002)). Selected
sequences corresponding to CSDV nucleic acid molecules
can be used to create, after expression, a sequence-specific
dsRNA that can interfere with accumulation of endogenous
RNA encoded by the CSDV nucleic acid molecules.

The CSDV nucleic acid molecule can be altered by using
molecular biology techniques to produce a mutant recombi-
nant virus that work as a vaccine. This is well known in the art
as cross-protection system, in which a mild, non-infective
virus is introduced in a plant and after replication induces in
the host plant a defense response against the severe, infective
strain (Costa, A. S. and Muller, G. W. 1980, Plant Dis.,
64:538-541). Plants inoculated with recombinant CSDV
mutant become resistant to the wild-type CSDV infective
strains.

The present invention is further illustrated by the following
specific examples. The examples are provided for illustration
only and are not to be construed as limiting the scope or
content of the invention in any way.

EXAMPLES
Example 1

This example describes the identification and cloning of
nucleic acid molecules corresponding to the complete
genome sequence of CDSV. ¢cDNA libraries were constructed
from double strand RNA isolated from citrus plants present-
ing symptoms of CSD by shotgun cloning of cDNAs gener-
ated by RT-PCR. Clones were randomly sequenced using an
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ABI 3700 sequencer. Sequences were trimmed for vector
bases and low quality bases and BLASTX-analyzed against
the non-redundant (NR) GenBank database. Two cDNA
clones were identified as having nucleotide sequences similar
to viral nucleotide sequences of the Tymoviridae family. By
primer walking PCR using a cDNA library or total RNA from
CSD plants as templates, cDNA clones were identified that,
after sequencing on both ends, gave rise to a consensus CSDV
nucleic acid sequence of 6820 nucleotides. This consensus
sequence contains nucleotide sequence domains that encode
the complete set of the viral proteins comprised of: a Major
Capsid Protein (Coat Protein 1), a Minor Capsid Protein
(Coat Protein 2), a Putative Movement Protein, a Methyl-
transferase Domain, a Protease Domain, a Helicase Domain
and a RNA-dependent RNA polymerase. The gene and pro-
tein domains organization of CSDV is similar to that found in
several virus strains of the Tymoviridae family, especially to
the Oat blue dwarf virus (FIGS. 1 and 2).

Example 2

This example describes RT-PCR analysis of citrus plants to
determine if the CSDV nucleic acid molecules of the inven-
tion could be used to design oligonucleotide primers that
amplify CSDV sequences and could be use in diagnostic
assays. Oligonucleotide primers designed on the basis of
CSDV nucleic acid molecules of SEQ ID NO.: 1 were used to
amplify the CSDV nucleic acid sequences using RT-PCR
from RNA isolated from CSD symptomatic or asymptomatic
citrus plants. Bark from young citrus branches was peeled and
ground to a powder, in liquid nitrogen. Total RNA was puri-
fied from 100 mg of bark tissue by using Trizol reagent
according to the manufacturer’s instructions. The resulting
total RNA was suspended in 50 ul of DEPC (diethylpyrocar-
bonate)-treated sterile water and used for cDNA synthesis.
First strand cDNA was synthesized using 8 ul of total RNA
(approx. 8 ug) as template. Two microliters of random prim-
ers (1 ug) were added to the total RNA that had been dena-
tured at 97° C. for 5 min. The solution was then incubated on
ice while adding 1 ul of 10 mM dNTP mix and 3 ul of First
Strand buffer (250 mM Tris-HCI, pH 8.3, 375 mM KCl, 15
mM MgCl,) to the tube. The mixture was incubated at room
temperature for 2 min, 1 ul (200 U) of the enzyme reverse
transcriptase SuperScript 11 was added and the solution was
further incubated at room temperature for 10 min. followed
by 60 min. at 42° C. For PCR, 1 ul of the synthesized cDNA
was added to a 20 ul reaction containing 0.5 mM of each of
primers “TYMOF2” 5'-GTCAGCTGTCCAACCAGTTCC-
3'(SEQID NO: 4) and “TYMORR”: 5'-GTGAAGATCAAT-
GAGAGCCTG-3'(SEQ ID NO: 5), 0.125 mM each dNTP,
2.5 mM MgCl,, 1x reaction buffer (20 Mm Tris-HCI, pH 8.4,
50 mM KCl), and 1 U of Taq polymerase. The reaction was
heated for 2 min. at 94° C. and subjected to 40 amplification
cycles (30 s at 94° C., 30 s at 55° C., 1 min at 72° C.). Ten
microliters of the RT-PCR reaction were combined with 10ul
of 2x digestion buffer (100 mM potassium acetate, 40 mM
Tris-acetate, 20 mM magnesium acetate, 2 mM DTT and 4 ug
BSA, pH 7.9) and 0.5 ul of the restriction enzyme Apal (5 U).
Digestion was carried out for 2 hours at 25° C. DNA frag-
ments were separated in a 1.5% agarose gel, stained with 100
ng/ml ethidium bromide and compared under UV light.

The results are depicted in FIG. 3. Lanes a-f and m-t are
from asymptomatic plants, while g to 1, and u to z are from
symptomatic plants. There is no banding at all in lanes a-f and
m-t, while clear banding is evident in the samples from symp-
tomatic plants in lanes g to 1 and u to z, which generate
fragments of 500 and 250 base pairs long when digested with
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Apal enzyme. Data was further expanded to 512 plants (351
symptomatic and 161 asymptomatic) and 99.7% of yellow
bark plants shows the CSDV nucleic acid fragment amplifi-
cation.

Example 3

In these experiments, Northern blotting was carried out on
samples of RNA taken from asymptomatic and symptomatic
plants. A DNA probe taken from CSDV nucleic acid mol-
ecules was used. FIG. 4 shows that a band of 6.5 kbp was
identified in symptomatic plants, while no banding was iden-
tified in any of the asymptomatic material.

Total RNA from bark tissue of symptomatic and asymp-
tomatic plants was extracted using the Trizol Reagent (Invit-
rogen) according to the manufacturer’s protocol. Fifteen
micrograms of total RNA from each sample were separated
by denaturing electrophoresis on a 1% agarose gel containing
1xMOPS and 0.6M formaldehyde, according to Sambrook
and Russell (Molecular Cloning: A Laboratory Manual, 3rd
ed., vol. 1-3, ed. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y., 2001). The gel was subsequently trans-
ferred to a Hybond-N+ nylon membrane (Amersham Phar-
macia Biotech) by capillary transfer in 10xSSC (1xSSC is
0.15M NaCl; 0.015M sodium citrate) for 16 h. The membrane
was baked at 80° C. for 2 h, prehybridized in ExpressHyb
hybridization buffer (Clontech) for 2 h at 65° C., followed by
hybridization in a fresh aliquot of ExpressHyb solution con-
taining 20 ng/ml of probe (2x107 cpm/ml) for 16 h at 65° C.
The probe consisted of a 772-bp CSDV nucleic acid fragment
amplified by PCR from a plasmid containing part of SEQ ID
NO.: 1 using SEQ ID NOS: 4 and 5. The probe was radioac-
tively labeled by random-priming with [a-32P]dCTP (6000
Ci/mmol) using the Random Primers DNA Labeling System
(Invitrogen). After hybridization, the membrane was washed
atroom temperature in 2xSSC, 0.05% SDS for 4x10 min, and
then twice at 55° C. for 20 min each in 0.1xSSC; 0.1% SDS.
The blot was exposed for three days and analyzed by phos-
phoimaging on a FLLA-3000 Fluorescent Image Analyzer
(Fujifilm).

Example 4

This example describes RT-PCR analysis of citrus insect
vectors to determine if the CSDV nucleic acid molecules of
the invention could be found in insect vectors and therefore
determine the kind and species of insects that could act as a
vector for transmission and dissemination of CSD in citrus
plantations.

A number of insect species including aphids such as Tox-
optera citricida, Aphis spiraecola and Aphis gossypii, and
leathoppers/planthoppers representing, but not limited to,
Deois flavopicta, Xerophloa viridis, Ferrariana trivittata,
Hortensia similis, Erytrogonia sexguttata, Macugonalia leu-
comelas, Dechacona missionum, and Copididonus hialipen-
nis were sampled at citrus plantation areas aftected by CSD
and at areas without symptoms of CSD. In the areas affected
by CSD the insects were collected from individual trees pre-
senting symptoms of CSD. Leathoppers/planthoppers were
separated into 6 groups according to morphological charac-
teristics, while aphids were separated according the respec-
tive species. Around fifty individuals of each leathoppers/
planthoppers group or aphids species were used to extract
total RNA.

Total RNA from whole bodies of insects was extracted
using the Trizol Reagent (Invitrogen) according to the manu-
facturer’s protocol. Fight micrograms of total RNA from
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each sample were used for RT-PCR analysis using CSDV
specific primers designed on the basis of the CSDV nucleic
acid molecules of SEQ ID NO: 1.

RT-PCR was carried out on samples of total RNA using
SEQ ID NOS: 4 and 5. FIG. 5 shows that a band of 772 Kbp
corresponding to part of the CSDV nucleic acid domain
encoding the RNA-dependent RNA polymerase was ampli-
fied from samples taken from the aphids Toxoptera citricida,
Aphis spiraecola and Aphis gossypii collected from symp-
tomatic trees in the affected areas, while no band was ampli-
fied in any of the RNA samples isolated from leathoppers or
planthoppers of CSD affected areas, or from aphids collected
in trees from the non-affected areas.

Table 1 presents a summary of the results of the assays for
the presence of CSDV in samples of insects collected in CSD
affected and non-affected areas. The virus was found only in
the aphid samples from citrus trees of CSD affected areas.
This suggests that these aphids could act as vectors for CSDV
transmission and dissemination.

Example 5

This example illustrate the use of polyclonal antibodies
raised against the CSDV Coat Proteins 1 and 2 to determine
the presence of CSDV in plant extracts. The polyclonal anti-
bodies was produced using two different sources of immuno-
gens: 1) Peptides were designed based on the deduced amino
acid sequences of Coat Proteins 1 and 2 of CSDV, taking into
consideration b-turn structure prediction (Chou, PY and Fas-
man, Biophys J., 1979 June; 26(3):367-73) and hydrophobic-
ity level (Kyte, J. and Doolittle, R F, ] Mol Biol., 1982 May 5;
157(1):105-32). Peptides corresponding to amino acids 7 to
20 (AGPAPSRDDRVDRQ (SEQ ID NO: 8)), 11 to 24
(PSRDDRVDRQPRLP (SEQ ID NO: 9)), 51 to 64 (DG-
SEAKNLSDDLSG (SEQ ID NO: 10)), 111 to 124
(PASASETSYYGGRL (SEQ ID NO: 11)), and 161 to 175
(RFSYSVYSNGGTKGT (SEQ ID NO: 12)) of the predicted
Coat Protein 2 (amino acid positions 1974-2188 of SEQ ID
NO: 2) were synthesized, KI.H-conjugated (Genscript Corp,
USA) and used to immunize rabbits. Polyclonal antibodies
were delivered as antisera and used without further treatment
for Western blot analyses. 2) Polyclonal antibodies were also
obtained against the recombinant Coat Proteins 1 and 2. The
CSDV nucleic acid sequences between nucleotide positions
6,028 to 6,672 (Coat Protein 1) and 6,082 to 6,672 (Coat
Protein 2) were cloned into the pET-28a(+) expression vector
(ClonTech) and expressed in E. coli BL21(DE3) strain. Coat
Protein 1 was expressed as a fusion with a His-tag and throm-
bin site in the N-terminal (His-p22.5) and Coat Protein 2 was
expressed fused to a His-tag in the C-terminal (p21-His) and
also in a non-fused form (NFp21). Large scale expression was
conduced under IPTG induction, bacterial cells were dis-
rupted by French press, and the soluble fraction of the fused
recombinant proteins were purified using the His-Trap puri-
fication Kit (Amersham). Purified p21-His and Hisp22.5
were used to raise polyclonal antibodies in rabbits.

Recombinant CSDV Coat Proteins and crude protein
extracts from citrus trees were resolved in a 12% (w/v) acry-
lamide gel and proteins were transferred to nitrocellulose
membrane by semi-dry electroblotting (BioRad apparatus).
The membrane was blocked with a Blotto solution (PBS, pH
7.2 containing 0.1% Tween-20 and 5% (w/v) non-fat-milk
powder), incubated with the polyclonal antibodies (1:1000 in
PBS) against the peptides, washed with PBS-Tween 20 and
incubated with anti-rabbit IgG alkaline phosphatase conju-
gate (BioRad, 1:2000 in PBS). Color development was car-
ried out in freshly prepared substrate solution (1.5 mg NBT, 3
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mg BCIP in 20 ml carbonate buffer, pH 9.2). Antisera
obtained for the peptides were able to recognize both recom-
binant Coat Proteins as well as Coat Proteins present in the
CSDV-infected plant extracts (FIG. 6). Two protein bands of
expected size were evident only in infected plant extracts and
may correspond to Coat Proteins 1 and 2, respectively. Simi-
lar results were obtained using antibody raised against the
recombinant CSDV Coat Proteins.

Example 6

In this example, CSDV particles were purified from CSD-
affected citrus plants according to the methodology described
by Bar-Joseph et al. (Bar-Joseph, M., D. J. Gumpf, J. A.
Dodds A. Rosner, and 1. Ginsberg. 1985, Phytopathology,
75:195-198.). The purity of virus preparation was determined
by electron microscopy using a negative staining methodol-
ogy with 2% uranyl acetate (Gaméz, R., T. Fukuoka, and Y.
Kozuka. 1977, Rev. Biol. Trop., 25:151-157). The electron
micrography shows purified virions as expected isometric,
non-enveloped, ~30 nm in diameter particles, with a rounded
contour, and prominent surface structure. As typical Tymovi-
rus, CSDV present under uranyl acetate staining two types of
particles (Boulila, M., D. Boscia, B. Di Terlizzi, M. A. Cas-
tellano, A. Minafra, V. Savino, and G. P. Martelli. 1990, J.
Phytopathol., 129:151-158), one with a negative stain (T
form, represents non-infectious empty shells) and another
with positive stain (B form, represents intact particles).

In order to confirm that the purified particles correspond to
CSDV, total nucleic acids were purified from a preparation of
virus particles by phenol extraction, resolved in a 1% agarose
gel, transferred to Hybond-N+ nylon membranes (Amer-
sham) and hybridized with a P**-labelled DNA probe from
part of the CSDV nucleic acid molecules of SEQ ID NO.: 1.
The results of FIG. 8, confirm the presence of the CSDV
genomic RNA in the purified sample.

Example 7

This is an example of a construct produced using a CSDV
nuclei acid molecule in order to generate transgenic plant
resistant to CSDV. A 761pb nucleic acid fragment of the
CSDV RNA-dependent RNA Polymerase of SEQ ID NO.: 1,
were PCR amplified using the primers TY-Fw (5'-TG-
GAGCTCCCTGCCCACGACCCAAC-3") (SEQ ID NO: 6),
containing a Sac [ restriction site and TY-Rv (5'-TCTA-
GAGCCTGGGGGATGGAGAGC-3") (SEQIDNO: 7), con-
taining a Xba I restriction site. This fragment was cloned in
PGEM-T easy vector (Promega corp, Madison, Wis., USA)
and confirmed by sequencing. The RNA-dependent RNA
Polymerase fragment was removed from pGEM-T by restric-
tion digestion with Xba I and Sac I and cloned in the antisense
direction in pA35S(2x) (Kay, R., Chan, A., Daly, M. &
McPherson, J., 1987, Science, 236: 1299-1302), restricted
with the same enzymes yielding the plasmid pATYMO-AS.
The pA35S(2x) plasmid includes a herbicide resistance gene
(Christensen A H, Quail P H., 1996, Transgenic Res. 15:
213-218.) under the control of the CaMV35S promoter. FIG.
9 represents a drawing of the TDNA insertion fragment of
pATYMO-AS.

In order to produce the transgenic citrus containing the
plasmid pATYMO-AS, explants from ‘in vitro’ germinated
Rangpur lime were used for transformation experiments with
Agrobacterium tumefaciens strain EHA105 carrying the plas-
mid. The explants were inoculated with an overnight bacterial
suspension for 20 min, blotted dry and platted onto MS
medium containing 2,4D and acetoseringone. The co-culti-
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vation was made in darkness for 3 days and then the explants
were platted in MS medium containing BAP, PPT, cefotaxime
and vancomycin. The developed shoots were transtferred to
MS medium containing IBA, PPT, cefotaxime and vancomy-
cin. Transgenic regenerated plants were tested by PCR and
Southern blot.

For the southern blot experiment genomic DNA from
transgenic and non-transgenic plants were isolated according
to Dellaporta et al. (Dellaporta S. L., Wood J., Hicks I. B,
1983, Plant Mol. Biol. Rep., 1:19-21,). Purified DNA was
digested with EcoRI, separated by agarose gel electrophore-
sis (10 ug DNA/lane, 1% agarose) then transferred onto
charged nylon membranes according to standard procedures
(Sambrook et al., 2001 Molecular Cloning: A Laboratory
Manual, 3rd ed., vol. 1-3, ed. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y.). Probes were labeled using
the Genes Images™ AlkPhos Direct™ labelling and detec-
tion system from Amersham Biosciences that is based on a
dioxetane chemiluminescence system. Blots were hybridized
to CSDV specific probes and the citrus chalcone synthase
CitCHS2 gene (GenBank 5106368) as a positive control.
Membranes were washed at 55° C. according to the instruc-
tion manual (Genes Images AlkPhos Direct labeling and
detection system—Amersham Biosciences). Chemilumines-
cent signals were detected using a CDP-Star™ chemilumi-
nescent detection reagent (Amersham Biosciences) accord-
ing to the protocol recommended.

TABLE 1
RESULTS OF TEST FOR THE PRESENCE OF CSDV
IN INSECTS COLLECTED FROM CITRUS THREES
IN CSD AFFECTED AND NON-AFFECTED AREAS.
INSECT
Leathoppers/planthoppers ~ Samples Analyzed® Diagnosis for CSDV
Group I 1 (affected area) Negative
2 (affected area) Negative
Group 1I 1 (affected area) Negative
2 (affected area) Negative
Group III 1 (affected area) Negative
2 (affected area) Negative
Group IV 1 (affected area) Negative
Group V 1 (affected area) Negative
Group VI 1 (affected area) Negative
T. citricida 1 (non-affected area)  Negative
2 (non-affected area)  Negative
3 (non-affected area)  Negative
4 (non-affected area)  Negative
5 (affected area) Positive
6 (affected area) Positive
7 (affected area) Positive
8 (affected area) Positive
9 (affected area) Positive
10 (affected area) Positive
11 (affected area) Positive
12 (affected area) Negative
13 (affected area) Positive
14 (affected area) Positive
15 (affected area) Positive
A. spiraecola 6 (non-affected area)  Negative
7 (affected area) Positive
8 (affected area) Positive
9 (affected area) Negative
10 (affected area) Negative
A. gossypii 5 (non-affected area)  Negative
6 (non-affected area)  Negative
7 (affected area) Positive
8 (affected area) Negative
9 (affected area) Negative
10 (affected area) Negative

“each sample was composed of >50 aphids or around 10 leathoppers/planthoppers.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 19

<210> SEQ ID NO 1

<211> LENGTH: 6821

<212> TYPE: DNA

<213> ORGANISM: Citrus Sudden Death Virus
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (110)..(6673)

<400> SEQUENCE: 1

gteccctgtyg ategtetcete ccgeccteca gecggaaaga tatttttget ttaactttte 60
tttgcactct tacgctcaga tctacgtgece ttaggtcate taagccget atg gat cge 118
Met Asp Arg
1
atc tet gee cge att cece gtce geg cee get tee gee gge ccg acce gag 166
Ile Ser Ala Arg Ile Pro Val Ala Pro Ala Ser Ala Gly Pro Thr Glu
5 10 15
tac act cca tac cca cac act cac cca ctc cta cce cga ggt gte tte 214
Tyr Thr Pro Tyr Pro His Thr His Pro Leu Leu Pro Arg Gly Val Phe
20 25 30 35
acc tce ggg cct att caa ccc tgt ctc cac ttt ctt cct cac cat gec 262
Thr Ser Gly Pro Ile Gln Pro Cys Leu His Phe Leu Pro His His Ala
40 45 50
caa gat gcc cce atc cge tge tac aga cce cte acce ttce gec aac cat 310
Gln Asp Ala Pro Ile Arg Cys Tyr Arg Pro Leu Thr Phe Ala Asn His
55 60 65
cte cge tat gac cgt tee gece teca teg cte aag act ccg ccc gtce aaa 358
Leu Arg Tyr Asp Arg Ser Ala Ser Ser Leu Lys Thr Pro Pro Val Lys
70 75 80
ctec cca ctg acc ggt ggt acc ctt gcc gat gece atc ctt tcece ttg gea 406
Leu Pro Leu Thr Gly Gly Thr Leu Ala Asp Ala Ile Leu Ser Leu Ala
85 90 95
cce acc act cac cge gac acc atc gee acc cee cte atg gaa gcc ctt 454
Pro Thr Thr His Arg Asp Thr Ile Ala Thr Pro Leu Met Glu Ala Leu
100 105 110 115
get gaa cct tac cgce caa tee ttg age acce tac cca tgg cac att cca 502
Ala Glu Pro Tyr Arg Gln Ser Leu Ser Thr Tyr Pro Trp His Ile Pro
120 125 130
acc aat ctt cag ccc tte ctc acc tct tgce gga atc acc act gct ggce 550
Thr Asn Leu Gln Pro Phe Leu Thr Ser Cys Gly Ile Thr Thr Ala Gly
135 140 145
caa ggc ttc aag gcc cac cct cac cca gtg cac aag acc atc gag acc 598
Gln Gly Phe Lys Ala His Pro His Pro Val His Lys Thr Ile Glu Thr
150 155 160
aat ctc ctc act aat gtc tgg ccc cac tac gcc acc act cct agt ggce 646
Asn Leu Leu Thr Asn Val Trp Pro His Tyr Ala Thr Thr Pro Ser Gly
165 170 175
gtc atg ttc atg aaa cca tca aag ttt gag aag ctc aaa atc aaa cag 694
Val Met Phe Met Lys Pro Ser Lys Phe Glu Lys Leu Lys Ile Lys Gln
180 185 190 195
cce aac tte tce aag cte tac aac tac cge ate aca gcoc aag gac acc 742
Pro Asn Phe Ser Lys Leu Tyr Asn Tyr Arg Ile Thr Ala Lys Asp Thr
200 205 210
acc cgt tac ccec tee act tcee cca gac ttg cee ace gag gac acc tgce 790
Thr Arg Tyr Pro Ser Thr Ser Pro Asp Leu Pro Thr Glu Asp Thr Cys
215 220 225
ttc atg cac gat gcc ctc atg tac tat tcc cct gga cag atc tgt gac 838

Phe Met His Asp Ala Leu Met Tyr Tyr Ser Pro Gly Gln Ile Cys Asp
230 235 240
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18

cte
Leu

gtt
Val
260

tac

Tyr

aac
Asn

Lys

cta
Leu

cece
Pro
340

gca

Ala

cge
Arg

get
Ala

cag
Gln

Asn
420

acc

Thr

cge
Arg

agc
Ser

cat
His

cat
His
500

cece
Pro

agg
Arg

ctt

ttc
Phe
245

cct
Pro

cge
Arg

cce
Pro

ace
Thr

gat
Asp
325

cct
Pro

gte
Val

ctyg
Leu

gte
Val

ate
Ile
405

ctyg
Leu

tac
Tyr

act
Thr

ctt
Leu

ctt
Leu
485

cte
Leu

aaa
Lys

ctyg
Leu

gece
Ala

cte
Leu

ccg
Pro

tac
Tyr

gece
Ala

ace
Thr
310

tce
Ser

ate
Ile

cte
Leu

gte
Val

cge
Arg
390

tct
Ser

gece
Ala

ttc
Phe

cat
His

cte
Leu
470

gte
Val

cte
Leu

gte
Val

ttc
Phe

aca
Thr
550

tce
Ser

gag
Glu

cgg
Arg

cac
His
295

ace
Thr

tgg
Trp

cat
His

ctyg
Leu

cct
Pro
375

ace
Thr

aag
Lys

cac
His

ctyg
Leu

ace
Thr
455

atg
Met

tce
Ser

tgg
Trp

act
Thr

cct
Pro
535

ttg
Leu

cge
Arg

agc
Ser

ate
Ile
280

aac
Asn

ate
Ile

gge
Gly

ctt
Leu

cct
Pro
360

get
Ala

cte
Leu

cece
Pro

ttt
Phe

tte
Phe
440

ctyg
Leu

acce
Thr

cte
Leu

cece
Pro

gge
Gly
520

tce

Ser

ctt
Leu

cece
Pro

gac
Asp
265

gag
Glu

tac
Tyr

cge
Arg

cca
Pro

gag
Glu
345

gag
Glu

gat
Asp

cgt
Arg

gag
Glu

gece
Ala
425

aac
Asn

get
Ala

gece
Ala

tecc
Ser

gag
Glu
505

cct

Pro

aca
Thr

cct
Pro

agc
Ser
250

tte
Phe

aaa
Lys

ate
Ile

tgc
Cys

gte
Val
330

gag
Glu

cca
Pro

gtt
Val

gtg
Val

tac
Tyr
410

ttg
Leu

tca
Ser

ceg
Pro

agc
Ser

ate
Ile
490

aaa

Lys

ctyg
Leu

tgc
Cys

get
Ala

cte
Leu

ace
Thr

gat
Asp

cag
Gln

cag
Gln
315

cac
His

gac
Asp

get
Ala

tac
Tyr

ace
Thr
395

tct
Ser

gece
Ala

ace
Thr

cte
Leu

tgg
Trp
475

tgce
Cys

get
Ala

att
Ile

gece
Ala

get
Ala
555

caa
Gln

ace
Thr

cag
Gln

cct
Pro
300

gac
Asp

tct
Ser

tce
Ser

tca
Ser

cag
Gln
380

gac
Asp

tgg
Trp

aca
Thr

get
Ala

tct
Ser
460

gga
Gly

aag
Lys

cce
Pro

gac
Asp

aaa
Lys
540

cce
Pro

aag
Lys

ate
Ile

cte
Leu
285

cge
Arg

cte
Leu

cte
Leu

ate
Ile

cte
Leu
365

get
Ala

ccg
Pro

gte
Val

get
Ala

get
Ala
445

gge
Gly

ttc
Phe

cge
Arg

tgg
Trp

ctyg
Leu
525

ctyg

Leu

agg
Arg

cte
Leu

tce
Ser
270

ate
Ile

tct
Ser

act
Thr

ctg
Leu

agc
Ser
350

tce
Ser

cte
Leu

get
Ala

act
Thr

ccg
Pro
430

€99
Arg

gee
Ala

cgt
Arg

tgg
Trp

tte
Phe
510

ccce

Pro

gge
Gly

cce
Pro

tat
Tyr
255

cte
Leu

tac
Tyr

gece
Ala

cte
Leu

ate
Ile
335

tte
Phe

caa
Gln

tte
Phe

gge
Gly

tecc
Ser
415

cac

His

gtg
Val

Thr

gece
Ala

cte
Leu
495

cag

Gln

att
Ile

gece
Ala

aca
Thr

get
Ala

tte
Phe

gag
Glu

ate
Ile

acce
Thr
320

caa
Gln

cgt
Arg

tca
Ser

ate
Ile

tte
Phe
400

tecc
Ser

aga
Arg

gece
Ala

get
Ala

atg
Met
480

aaa
Lys

cte
Leu

cte
Leu

aag
Lys

tgg
Trp
560

tce
Ser

cca
Pro

cte
Leu

gac
Asp
305

ate
Ile

aga
Arg

gece
Ala

gte
Val

tat
Tyr
385

gtt
Val

gece
Ala

cce
Pro

cat
His

gece
Ala
465

ate
Ile

get
Ala

ace
Thr

cga
Arg

cac
His
545

cce
Pro

ctt
Leu

gat
Asp

gag
Glu
290

tgg
Trp

tce
Ser

gge
Gly

cca
Pro

cge
Arg
370

gte
Val

cge
Arg

tgg
Trp

cac
His

tgg
Trp
450

gece
Ala

tce
Ser

cct
Pro

ctyg
Leu

cce
Pro
530

cct

Pro

cta
Leu

gtt
Val

cte
Leu
275

cag
Gln

cte
Leu

cge
Arg

aag
Lys

aaa
Lys
355

gac
Asp

cgg
Arg

act
Thr

gac
Asp

ace
Thr
435

ttc
Phe

gecg
Ala

tct
Ser

cct
Pro

agg
Arg
515

ttt

Phe

get
Ala

aag
Lys

886

934

982

1030

1078

1126

1174

1222

1270

1318

1366

1414

1462

1510

1558

1606

1654

1702

1750

1798
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-continued

20

gtt
Val

Lys
580

gece
Ala

ate
Ile

tct
Ser

ate
Ile

ceg
Pro
660

ceg
Pro

agt
Ser

cece
Pro

cag
Gln

caa
Gln
740

gtg
Val

tte
Phe

gte
Val

gece
Ala

cca
Pro
820

atg

Met

gat
Asp

atg
Met

gge
Gly
565

ttc
Phe

atg
Met

tgce
Cys

gac
Asp

cct
Pro
645

cag
Gln

caa
Gln

get
Ala

att
Ile

tcg
Ser
725

gtg
Val

ace
Thr

gge
Gly

cce
Pro

gaa
Glu
805

cca

Pro

cat
His

cct
Pro

tac
Tyr

cte
Leu

att
Ile

ttt
Phe

tgce
Cys

ttc
Phe
630

att
Ile

tcg
Ser

cca
Pro

gece
Ala

gag
Glu
710

get
Ala

get
Ala

cct
Pro

cct
Pro

tce
Ser
790

get
Ala

get
Ala

gece
Ala

tce
Ser

tca
Ser

gca
Ala

ggt
Gly

cat
His

gat
Asp
615

aag
Lys

aag
Lys

get
Ala

get
Ala

cce
Pro
695

agt
Ser

tca
Ser

tca
Ser

cca
Pro

tgce
Cys
775

act
Thr

ctt
Leu

cca
Pro

tca
Ser

cct
Pro
855

gat
Asp

cte
Leu

cece
Pro

cca
Pro
600

agg
Arg

gece
Ala

ggt
Gly

tca
Ser

tca
Ser
680

caa
Gln

gtg
Val

tca
Ser

tca
Ser

aag
Lys
760

cgt
Arg

cct
Pro

tecc
Ser

cag
Gln

tct
Ser
840

ctyg

Leu

cte
Leu

get
Ala

gat
Asp
585

cag
Gln

gece
Ala

ceg
Pro

gtg
Val

tca
Ser
665

tca
Ser

cct
Pro

gca
Ala

acce
Thr

acce
Thr
745

act
Thr

tgc
Cys

cte
Leu

teg
Ser

tct
Ser
825

tgg
Trp

gece
Ala

ttt
Phe

get
Ala
570

tct
Ser

cct
Pro

cece
Pro

cca
Pro

gag
Glu
650

acce
Thr

act
Thr

cece
Pro

cct
Pro

gge
Gly
730

act
Thr

ate
Ile

tecc
Ser

acce
Thr

gece
Ala
810

cag

Gln

gat
Asp

cgt
Arg

cca
Pro

gte
Val

cca
Pro

tgg
Trp

ttt
Phe

aca
Thr
635

cct
Pro

gge
Gly

ggt
Gly

ate
Ile

gta
Val
715

ccg
Pro

ccg
Pro

tat
Tyr

gte
Val

gte
Val
795

cte

Leu

aac
Asn

cag
Gln

gat
Asp

get
Ala

cca
Pro

cag
Gln

gge
Gly

ctyg
Leu
620

cct
Pro

caa
Gln

ccg
Pro

ccg
Pro

gaa
Glu
700

gtt
Val

gca
Ala

gat
Asp

cct
Pro

tgt
Cys
780

tcg
Ser

caa
Gln

cte
Leu

cte
Leu

agc
Ser
860

cce
Pro

gte
Val

gac
Asp

cte
Leu
605

cce
Pro

gece
Ala

gtt
Val

gca
Ala

gat
Asp
685

tce
Ser

cca
Pro

tcg
Ser

get
Ala

att
Ile
765

gaa
Glu

gat
Asp

gece
Ala

act
Thr

tce
Ser
845

tce

Ser

tac
Tyr

tge
Cys

atg
Met
590

act
Thr

ate
Ile

ace
Thr

tct
Ser

tcg
Ser
670

ccg
Pro

aaa
Lys

gga
Gly

gte
Val

cce
Pro
750

gac
Asp

cca
Pro

cat
His

cte
Leu

gta
Val
830

tce

Ser

gee
Ala

ctt
Leu

ctyg
Leu
575

cat
His

cte
Leu

cct
Pro

cca
Pro

gga
Gly
655

gac
Asp

cece
Pro

gtt
Val

gca
Ala

tecc
Ser
735

acce
Thr

cac
His

ctt
Leu

aaa
Lys

999
Gly
815

gag
Glu

cca
Pro

tct
Ser

cca
Pro

tte
Phe

gac
Asp

act
Thr

gtt
Val

cta
Leu
640

gaa
Glu

tecc
Ser

acce
Thr

acce
Thr

gga
Gly
720

cgt
Arg

ctyg
Leu

cte
Leu

cag
Gln

gaa
Glu
800

cte

Leu

tecc
Ser

tca
Ser

ggt
Gly

gge
Gly

ttg
Leu

agc
Ser

cge
Arg

gtt
Val
625

ttg
Leu

gga
Gly

cgt
Arg

cag
Gln

ttt
Phe
705

gaa
Glu

cgt
Arg

gac
Asp

cag
Gln

cct
Pro
785

gece
Ala

get
Ala

tca
Ser

tct
Ser

cce
Pro
865

ace
Thr

tgg
Trp

tat
Tyr

aag
Lys
610

cce
Pro

act
Thr

gta
Val

cgt
Arg

aac
Asn
690

gece
Ala

cct
Pro

gac
Asp

gte
Val

aac
Asn
770

gece
Ala

cag
Gln

cce
Pro

gga
Gly

gac
Asp
850

cca

Pro

ggt
Gly

cgg
Arg

cat
His
595

get
Ala

agc
Ser

tce
Ser

cct
Pro

gece
Ala
675

acg
Thr

caa
Gln

ccg
Pro

ccg
Pro

agc
Ser
755

gac
Asp

cce
Pro

gac
Asp

ace
Thr

gece
Ala
835

tgg
Trp

gge
Gly

cag
Gln

1846

1894

1942

1990

2038

2086

2134

2182

2230

2278

2326

2374

2422

2470

2518

2566

2614

2662

2710

2758



21

US 9,309,497 B2

22

-continued
870 875 880
ttc atc ttc cgc tce agg gcc aat ggt cgg gcc aac atc cct tat ccc 2806
Phe Ile Phe Arg Ser Arg Ala Asn Gly Arg Ala Asn Ile Pro Tyr Pro
885 890 895

gac atg gat tgc ctc ttg ctt tece atc gag caa gecc acc cgce ctt cecce 2854
Asp Met Asp Cys Leu Leu Leu Ser Ile Glu Gln Ala Thr Arg Leu Pro
900 905 910 915
aag gag gct ctc tgg gac acc ctc tgt gcc aca tgce ccc gac tct cte 2902
Lys Glu Ala Leu Trp Asp Thr Leu Cys Ala Thr Cys Pro Asp Ser Leu

920 925 930
ctt gat cct gat acc att cgc cga gtc gga ttg tcc act gac cac ttt 2950
Leu Asp Pro Asp Thr Ile Arg Arg Val Gly Leu Ser Thr Asp His Phe

935 940 945
gce atc ctg gece cac cac tac tece cte agg tgce cge ttt cac acc gecce 2998
Ala Ile Leu Ala His His Tyr Ser Leu Arg Cys Arg Phe His Thr Ala
950 955 960
cat ggt gtc att gag ctc ggc atg gct gat gcc acc tecc tca tte gac 3046
His Gly Val Ile Glu Leu Gly Met Ala Asp Ala Thr Ser Ser Phe Asp
965 970 975

atc gac cac act gct ggc aac ccc ggc cac ttc tecc ctcec cgg caa tect 3094
Ile Asp His Thr Ala Gly Asn Pro Gly His Phe Ser Leu Arg Gln Ser
980 985 990 995
gce act ccg agg cta aat gga gga att gct caa gat ctc gct gtg 3139
Ala Thr Pro Arg Leu Asn Gly Gly Ile Ala Gln Asp Leu Ala Val

1000 1005 1010
gce get cte agg ttc aac att gat ggc act ctc ctc cca atc cgce 3184
Ala Ala Leu Arg Phe Asn Ile Asp Gly Thr Leu Leu Pro Ile Arg

1015 1020 1025
tca gtt cat gtc tat tcc act tgg cca aag aga gca aag aac ctg 3229
Ser Val His Val Tyr Ser Thr Trp Pro Lys Arg Ala Lys Asn Leu

1030 1035 1040
tcg tecg aac atg aag aac ggce ttt gac ggc atc atg gcc aac atce 3274
Ser Ser Asn Met Lys Asn Gly Phe Asp Gly 1Ile Met Ala Asn Ile

1045 1050 1055
cac ccc acc aag acc aat gaa tcg aga gag aag atc ttg gca ctce 3319
His Pro Thr Lys Thr Asn Glu Ser Arg Glu Lys Ile Leu Ala Leu

1060 1065 1070
gat tcg cag ctg gac atc gct gtc agg aga tcc gtc cgt ctg atc 3364
Asp Ser Gln Leu Asp Ile Ala Val Arg Arg Ser Val Arg Leu Ile

1075 1080 1085
cat att gcc ggg tte cca ggg tgc ggc aag tec ttt cce ate tece 3409
His Ile Ala Gly Phe Pro Gly Cys Gly Lys Ser Phe Pro Ile Ser

1090 1095 1100
cge cte cte c¢gce act cca acc ttc agg aac ttt aag gtg gca gtt 3454
Arg Leu Leu Arg Thr Pro Thr Phe Arg Asn Phe Lys Val Ala Val

1105 1110 1115
cce act gtt gag cte cga gcc gag tgg aaa acc att act ggt ctce 3499
Pro Thr Val Glu Leu Arg Ala Glu Trp Lys Thr Ile Thr Gly Leu

1120 1125 1130
ccg gece tca gaa gce  tgg cge atc gge acce tgg gaa tce tet cte 3544
Pro Ala Ser Glu Ala Trp Arg Ile Gly Thr Trp Glu Ser Ser Leu

1135 1140 1145
ctc aag tct gcec c¢gg gte ctg gte att gat gaa atc tac aag atg 3589
Leu Lys Ser Ala Arg Val Leu Val Ile Asp Glu Ile Tyr Lys Met

1150 1155 1160
cca aga ggc tac att gat ctc gcc atc cac tet gat ccc acc att 3634
Pro Arg Gly Tyr Ile Asp Leu Ala Ile His Ser Asp Pro Thr Ile

1165 1170 1175
gaa atg gtc att gct ctc ggt gat cca ctc caa gga gag tac cac 3679
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24

Glu

tecc
Ser

cag
Gln

cge
Arg

tecc
Ser

tecc
Ser

cag
Gln

acce
Thr

ttg
Leu

gtt
Val

cca
Pro

cge
Arg

gte
Val

get
Ala

acce
Thr

gca
Ala

tecc
Ser

Ile

gag
Glu

ttt
Phe

Met

act
Thr

cat
His

gtt
Val

aaa
Lys

aga
Arg

tgt
Cys

tat
Tyr

cte
Leu

ggt
Gly

agc
Ser

cct
Pro

cte
Leu

gece
Ala

cca
Pro

cce
Pro

tct
Ser

cca
Pro

cce
Pro

gag
Glu

Val

cat
His

cte
Leu

ccg
Pro

cag
Gln

ate
Ile

gge
Gly

gaa
Glu

tce
Ser

gte
Val

tce
Ser

ctt
Leu

ace
Thr

tca
Ser

get
Ala

ata
Ile

cac
His

tct
Ser

ace
Thr

aat
Asn

Ile

cct
Pro

tce
Ser

cag
Gln

cct
Pro

ctyg
Leu

tac
Tyr

aat
Asn

cct
Pro

ate
Ile

aac
Asn

cat
His

gag
Glu

cca
Pro

cte
Leu

gtt
Val

ttc
Phe

gece
Ala

ace
Thr

ctt
Leu

Ala
1180

tecc
Ser
1195

atg
Met
1210

aac
Asn
1225

gge
Gly
1240

gece
Ala
1255

get
Ala
1270

gecg
Ala
1285

get
Ala
1300

tte
Phe
1315

cga
Arg
1330

gac
Asp
1345

cece
Pro
1360

tac
Tyr
1375

aag
Lys
1390

cte
Leu
1405

cte
Leu
1420

ate
Ile
1435

tecc
Ser
1450

get
Ala
1465

Leu

tct
Ser

tac
Tyr

gtg
Val

ttc
Phe

aac
Asn

gece
Ala

gece
Ala

cac
His

ace
Thr

atg
Met

tgg
Trp

cte
Leu

tce
Ser

cct
Pro

gge
Gly

cce
Pro

cct
Pro

cat
His

gece
Ala

Gly

ace
Thr

ctt
Leu

gece
Ala

tgce
Cys

tct
Ser

gte
Val

tgce
Cys

tce
Ser

gge
Gly

ttc
Phe

ttc
Phe

aag
Lys

aag
Lys

gat
Asp

tce
Ser

gag
Glu

gag
Glu

cca
Pro

cac
His

Asp

aac
Asn

gac
Asp

gece
Ala

cge
Arg

cag
Gln

acce
Thr

att
Ile

atg
Met

gat
Asp

tca
Ser

cac
His

act
Thr

get
Ala

tte
Phe

gge
Gly

act
Thr

agt
Ser

gag
Glu

ttt
Phe

Pro

tecc
Ser

tte
Phe

tte
Phe

tac
Tyr

aat
Asn

att
Ile

cac
His

gtt
Val

cece
Pro

gag
Glu

aat
Asn

cgg
Arg

gte
Val

caa
Gln

gag
Glu

cge
Arg

gece
Ala

cca
Pro

cte
Leu

Leu
1185

cge
Arg
1200

tac
Tyr
1215

tte
Phe
1230

cag
Gln
1245

gca
Ala
1260

gece
Ala
1275

ctyg
Leu
1290

get
Ala
1305

gece
Ala
1320

tte
Phe
1335

gag
Glu
1350

999
Gly
1365

cca
Pro
1380

999
Gly
1395

cte
Leu
1410

cgt
Arg
1425

acce
Thr
1440

gte
Val
1455

cct
Pro
1470

Gln

ctt
Leu

tgc
Cys

cat
His

aga
Arg

gge
Gly

tecc
Ser

gac
Asp

cte
Leu

cag
Gln

tte
Phe

tte
Phe

cece
Pro

ate
Ile

gac
Asp

aat
Asn

cct
Pro

aga
Arg

tac
Tyr

gece
Ala

Gly Glu Tyr

cte
Leu

ttg
Leu

gte
Val

gag
Glu

cat
His

agt
Ser

cga
Arg

act
Thr

cte
Leu

tca
Ser

cca
Pro

cge
Arg

cge
Arg

gte
Val

gece
Ala

cte
Leu

ceg
Pro

cece
Pro

cac
His

tct
Ser

tgg
Trp

aag
Lys

ctyg
Leu

acce
Thr

cag
Gln

aac
Asn

cge
Arg

tecc
Ser

gge
Gly

aag
Lys

cte
Leu

caa
Gln

ata
Ile

cct
Pro

cac
His

gac
Asp

999
Gly

gac
Asp

gag
Glu

tce
Ser

ace
Thr

ccg
Pro

cte
Leu

gge
Gly

agc
Ser

tca
Ser

aat
Asn

cge
Arg

gece
Ala

ace
Thr

gece
Ala

ate
Ile

caa
Gln

tgg
Trp

tce
Ser

gaa
Glu

cca
Pro

His
1190

cce
Pro
1205

cac
His
1220

ace
Thr
1235

aac
Asn
1250

cag
Gln
1265

tce
Ser
1280

tce
Ser
1295

aag
Lys
1310

get
Ala
1325

ace
Thr
1340

act
Thr
1355

ggt
Gly
1370

tce
Ser
1385

tca
Ser
1400

gte
Val
1415

gac
Asp
1430

act
Thr
1445

act
Thr
1460

ace
Thr
1475

3724

3769

3814

3859

3904

3949

3994

4039

4084

4129

4174

4219

4264

4309

4354

4399

4444

4489

4534
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26

-continued

gat cgt gag atc tac tgg cag ggt cag ctg tcc aac cag ttc cca 4579
Asp Arg Glu Ile Tyr Trp Gln Gly Gln Leu Ser Asn Gln Phe Pro

1480 1485 1490
cac atg gac aag gaa ttc cat ttg gct gca caa ccc atg agt cte 4624
His Met Asp Lys Glu Phe His Leu Ala Ala Gln Pro Met Ser Leu

1495 1500 1505
ctg gct gcce gtt cat caa gag aag caa gat ccc act cta ctg cca 4669
Leu Ala Ala Val His Gln Glu Lys Gln Asp Pro Thr Leu Leu Pro

1510 1515 1520
gct tca atc caa aag aga ctc cgc ttc cge ccc tec gac aag ccc 4714
Ala Ser Ile Gln Lys Arg Leu Arg Phe Arg Pro Ser Asp Lys Pro

1525 1530 1535
tac cag atc acc cca aaa gat gaa atc ctg ggc cag ctc cte ttt 4759
Tyr Gln Ile Thr Pro Lys Asp Glu Ile Leu Gly Gln Leu Leu Phe

1540 1545 1550
gaa ggc ctc tge cga gcec tac cac aga tet cca ttt cac act gag 4804
Glu Gly Leu Cys Arg Ala Tyr His Arg Ser Pro Phe His Thr Glu

1555 1560 1565
gce ttt gat ccec gtg ctt tte gec gag tge atc aat ctc aat gag 4849
Ala Phe Asp Pro Val Leu Phe Ala Glu Cys Ile Asn Leu Asn Glu

1570 1575 1580
ttc gece cag ctc tcg tee aag acc cag gct  act att atg ggc aat 4894
Phe Ala Gln Leu Ser Ser Lys Thr Gln Ala Thr Ile Met Gly Asn

1585 1590 1595
gct cgce cge tca gac cct gat tgg cgg tgg agc gca gtt cgc atc 4939
Ala Arg Arg Ser Asp Pro Asp Trp Arg Trp Ser Ala Val Arg Ile

1600 1605 1610
ttc tce aag acc caa cac aag gtg aat gaa ggg tcc att tte cgce 4984
Phe Ser Lys Thr Gln His Lys Val Asn Glu Gly Ser Ile Phe Arg

1615 1620 1625
tce tgg aag gcc tgce caa act ttg gct cte atg cat gat gct gtt 5029
Ser Trp Lys Ala Cys Gln Thr Leu Ala Leu Met His Asp Ala Val

1630 1635 1640
gtt cta atc ctg ggc cct gtc aag aag tac cag cga gtc ttt gat 5074
Val Leu Ile Leu Gly Pro Val Lys Lys Tyr Gln Arg Val Phe Asp

1645 1650 1655
cag aga gac cga ccc  cga cac ctt tac atc cat gca ggc aac act 5119
Gln Arg Asp Arg Pro Arg His Leu Tyr Ile His Ala Gly Asn Thr

1660 1665 1670
cca tca caa atg agc aac tgg tgt caa cag cat ctc act act gcc 5164
Pro Ser Gln Met Ser Asn Trp Cys Gln Gln His Leu Thr Thr Ala

1675 1680 1685
gtc aag ttg gcc aat gac tac act gcc tte gac cag tect cag cat 5209
Val Lys Leu Ala Asn Asp Tyr Thr Ala Phe Asp Gln Ser Gln His

1690 1695 1700
ggt gag gcg gtc gtc ctt gaa aga aag aaa atg gaa aga ctc tcc 5254
Gly Glu Ala Val Val Leu Glu Arg Lys Lys Met Glu Arg Leu Ser

1705 1710 1715
atc ccc cag gct cte att gat ctt cac atc cat ctc aaa acc cat 5299
Ile Pro Gln Ala Leu Ile Asp Leu His Ile His Leu Lys Thr His

1720 1725 1730
gtt tcc acc cag ttt ggce ccc ctc aca tge atg cgc ctg act ggc 5344
Val Ser Thr Gln Phe Gly Pro Leu Thr Cys Met Arg Leu Thr Gly

1735 1740 1745
gag cct ggc act tat gat gat aac tct gac tac aat ctt gca gtt 5389
Glu Pro Gly Thr Tyr Asp Asp Asn Ser Asp Tyr Asn Leu Ala Val

1750 1755 1760
gtc aac tgt gag tac atg gct gecc aac act ccc act atg gtce tca 5434
Val Asn Cys Glu Tyr Met Ala Ala Asn Thr Pro Thr Met Val Ser

1765 1770 1775
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28

-continued

ggc gac gac tcc ctc ctg gat c¢gt gag cct ccc act cgce cct gaa 5479
Gly Asp Asp Ser Leu Leu Asp Arg Glu Pro Pro Thr Arg Pro Glu

1780 1785 1790
tgg gtc atc ctc cag cct ctt cte agt ctc cgc ttec aag aaa gaa 5524
Trp Val Ile Leu Gln Pro Leu Leu Ser Leu Arg Phe Lys Lys Glu

1795 1800 1805
agg ggt cgg tac gcc acc tte tgt gge tac tac gce tee cat gte 5569
Arg Gly Arg Tyr Ala Thr Phe Cys Gly Tyr Tyr Ala Ser His Val

1810 1815 1820
ggc tgt gtc cge tece ccc gtg get cte ttt  gece aag ctg gec ata 5614
Gly Cys Val Arg Ser Pro Val Ala Leu Phe Ala Lys Leu Ala Ile

1825 1830 1835
gct gtc gat gac ggc tcec atce tet gac aaa atg gec tca tac cte 5659
Ala Val Asp Asp Gly Ser Ile Ser Asp Lys Met Ala Ser Tyr Leu

1840 1845 1850
tct gaa ttt gct ctt gge cac tce ctt gga gac cat cte tgg gaa 5704
Ser Glu Phe Ala Leu Gly His Ser Leu Gly Asp His Leu Trp Glu

1855 1860 1865
gct ttg cce cte gag gec gtt ccc tte caa tet gec tge ttt gac 5749
Ala Leu Pro Leu Glu Ala Val Pro Phe Gln Ser Ala Cys Phe Asp

1870 1875 1880
ttec tte tgc cgc ¢gg gece ccc aga cac ctc aaa cte tcet cte atg 5794
Phe Phe Cys Arg Arg Ala Pro Arg His Leu Lys Leu Ser Leu Met

1885 1890 1895
ctc ggce gag gtc cca gaa tce atc att gce cge atc ggg tca tece 5839
Leu Gly Glu Val Pro Glu Ser Ile Ile Ala Arg Ile Gly Ser Ser

1900 1905 1910
ttg aag tgg gcc tct cat gee atc tac acc aca cte tce tet gece 5884
Leu Lys Trp Ala Ser His Ala Ile Tyr Thr Thr Leu Ser Ser Ala

1915 1920 1925
gct cga gtg gec att ctg aga tcc tec cge aac agce aga tcce atg 5929
Ala Arg Val Ala Ile Leu Arg Ser Ser Arg Asn Ser Arg Ser Met

1930 1935 1940
cca gat gac ccc gac acc act ctg cta caa ggt gaa ttg ctt cag 5974
Pro Asp Asp Pro Asp Thr Thr Leu Leu Gln Gly Glu Leu Leu Gln

1945 1950 1955
cac ttt caa gta cca ttc atg caa tct gac act ctec ctg cct cte 6019
His Phe Gln Val Pro Phe Met Gln Ser Asp Thr Leu Leu Pro Leu

1960 1965 1970
act ggt ggt tcc tct get cece ate cte aca cca gaa gcc tte tece 6064
Thr Gly Gly Ser Ser Ala Pro Ile Leu Thr Pro Glu Ala Phe Ser

1975 1980 1985
acc tce cte gee tte tee atg gce age gat gcec caa gca ggt ccg 6109
Thr Ser Leu Ala Phe Ser Met Ala Ser Asp Ala Gln Ala Gly Pro

1990 1995 2000
gce cce agt cge gat gat cgce gtt gac c¢gce cag cct cgce ctt cct 6154
Ala Pro Ser Arg Asp Asp Arg Val Asp Arg Gln Pro Arg Leu Pro

2005 2010 2015
gct gect cct cge gtt get gaa gtt ggt cte aat gec cecg teg gte 6199
Ala Ala Pro Arg Val Ala Glu Val Gly Leu Asn Ala Pro Ser Val

2020 2025 2030
gac tac ccg ttec cag tgg gtc gtc gec tee tac gac gga tca gaa 6244
Asp Tyr Pro Phe Gln Trp Val Val Ala Ser Tyr Asp Gly Ser Glu

2035 2040 2045
gcc aag aac cta agt gat gat ctc tct gge tet gec act cte acce 6289
Ala Lys Asn Leu Ser Asp Asp Leu Ser Gly Ser Ala Thr Leu Thr

2050 2055 2060
aaa gtc atg gcc aac tac cga cat gct gag ctc aca tct gtt gag 6334
Lys Val Met Ala Asn Tyr Arg His Ala Glu Leu Thr Ser Val Glu
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30

-continued

2065 2070 2075
ctg gag gtc tgc cct  ctt get gca gce tte tec aag cce ate tet 6379
Leu Glu Val Cys Pro Leu Ala Ala Ala Phe Ser Lys Pro Ile Ser

2080 2085 2090
gtg tcg gee gte tgg acc att gec tec ate tet cca get tee gece 6424
Val Ser Ala Val Trp Thr Ile Ala Ser Ile Ser Pro Ala Ser Ala

2095 2100 2105
tct gaa acc tcce tac tat gge ggt cga ctc tte act gtt ggc ggt 6469
Ser Glu Thr Ser Tyr Tyr Gly Gly Arg Leu Phe Thr Val Gly Gly

2110 2115 2120
cct gte cte atg tce age acc acc cat cte cct get gat cte acce 6514
Pro Val Leu Met Ser Ser Thr Thr His Leu Pro Ala Asp Leu Thr

2125 2130 2135
cge cte aat cct gtg cte aag ggc ccc gte aag tac aca gac tgce 6559
Arg Leu Asn Pro Val Leu Lys Gly Pro Val Lys Tyr Thr Asp Cys

2140 2145 2150
cce aga ttce tce tac tee gte tac tcece aat ggce gga acc aag ggc 6604
Pro Arg Phe Ser Tyr Ser Val Tyr Ser Asn Gly Gly Thr Lys Gly

2155 2160 2165
acc aat ctc tgc acc atc atc ctec cgg gga gtt gte cgce cte age 6649
Thr Asn Leu Cys Thr Ile Ile Leu Arg Gly Val Val Arg Leu Ser

2170 2175 2180
ggc ccc tece ggt aat ctt cte get taggcgagec tettcaggtg aaggaaaaca 6703
Gly Pro Ser Gly Asn Leu Leu Ala

2185
cctectggte tcagccaggt aatgatgcta aacctccccce gectcaagcag caatgcectag 6763
ggttgccggt cgatccaaag accgttttte tttattattt aataaaaaaa aaaaaaaa 6821

<210>
<211>
<212>
<213>

<400>

Met
1

Pro

Gly

Ala
65

Pro

Ser

Glu

Thr
145

Ile

Asp

Thr

Val

His

50

Asn

Val

Leu

Ala

Ile
130

Ala

Glu

Arg

Glu

Phe

35

Ala

His

Lys

Ala

Leu
115
Pro

Gly

Thr

PRT

SEQUENCE :

Ile

Tyr

20

Thr

Gln

Leu

Leu

Pro

100

Ala

Thr

Gln

Asn

SEQ ID NO 2
LENGTH:
TYPE:
ORGANISM: Citrus Sudden Death Virus

2188

2

Ser

5

Thr

Ser

Asp

Arg

Pro

85

Thr

Glu

Asn

Gly

Leu
165

Ala

Pro

Gly

Ala

Tyr

70

Leu

Thr

Pro

Leu

Phe

150

Leu

Arg

Tyr

Pro

Pro

55

Asp

Thr

His

Tyr

Gln
135

Lys

Thr

Ile

Pro

Ile

40

Ile

Arg

Gly

Arg

Arg

120

Pro

Ala

Asn

Pro Val Ala Pro Ala Ser Ala Gly

His Thr His Pro Leu Leu Pro Arg
25 30

Gln

Arg

Ser

Gly

Asp

105

Gln

Phe

His

Val

Pro Cys Leu

Cys Tyr Arg

Ala Se
75

Thr Le
90

Thr Il

Ser Le

60

r Ser

u Ala

e Ala

u Ser

Leu Thr Ser

Pro Hi
15

Trp Pr
170

140

s Pro
5

o His

His

45

Pro

Leu

Asp

Thr

Thr

125

Cys

Val

Tyr

Phe

Leu

Lys

Ala

Pro

110

Tyr

Gly

His

Ala

Leu

Thr

Thr

Ile

95

Leu

Pro

Ile

Lys

Thr
175

Pro

Phe

Pro

80

Leu

Met

Trp

Thr

Thr

160

Thr
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32

Pro

Ile

Lys

Asp

225

Ile

Ser

Pro

Leu

Asp

305

Ile

Arg

Ala

Tyr

385

Ala

Pro

Ala

465

Ile

Ala

Thr

Arg

His

545

Pro

Leu

Ser

Ser

Lys

Asp

210

Thr

Cys

Leu

Asp

Glu

290

Trp

Ser

Gly

Pro

Arg

370

Val

Arg

Trp

His

Trp

450

Ala

Ser

Pro

Leu

Pro

530

Pro

Leu

Trp

Tyr

Gly

Gln

195

Thr

Cys

Asp

Val

Leu

275

Gln

Leu

Arg

Lys

Lys

355

Asp

Arg

Thr

Asp

Thr

435

Phe

Ala

Ser

Pro

Arg

515

Phe

Ala

Lys

Arg

His

Val

180

Pro

Thr

Phe

Leu

Val

260

Tyr

Asn

Lys

Leu

Pro

340

Ala

Arg

Ala

Gln

Asn

420

Thr

Arg

Ser

His

His

500

Pro

Arg

Leu

Val

Lys
580

Ala

Met

Asn

Arg

Met

Phe

245

Pro

Arg

Pro

Thr

Asp

325

Pro

Val

Leu

Val

Ile

405

Leu

Tyr

Thr

Leu

Leu

485

Leu

Lys

Leu

Ala

Gly
565

Phe

Met

Phe

Phe

Tyr

His

230

Leu

Pro

Tyr

Ala

Thr

310

Ser

Ile

Leu

Val

Arg

390

Ser

Ala

Phe

His

Leu

470

Val

Leu

Val

Phe

Thr

550

Leu

Ile

Phe

Met

Ser

Pro

215

Asp

Ser

Glu

Arg

His

295

Thr

Trp

His

Leu

Pro

375

Thr

Lys

His

Leu

Thr

455

Met

Ser

Trp

Thr

Pro

535

Leu

Ala

Gly

His

Lys

Lys

200

Ser

Ala

Arg

Ser

Ile

280

Asn

Ile

Gly

Leu

Pro

360

Ala

Leu

Pro

Phe

Phe

440

Leu

Thr

Leu

Pro

Gly

520

Ser

Leu

Leu

Pro

Pro

Pro

185

Leu

Thr

Leu

Pro

Asp

265

Glu

Tyr

Arg

Pro

Glu

345

Glu

Asp

Arg

Glu

Ala

425

Asn

Ala

Ala

Ser

Glu

505

Pro

Thr

Pro

Ala

Asp
585

Gln

Ser

Tyr

Ser

Met

Ser

250

Phe

Lys

Ile

Cys

Val

330

Glu

Pro

Val

Val

Tyr

410

Leu

Ser

Pro

Ser

Ile

490

Lys

Leu

Cys

Ala

Ala
570

Ser

Pro

Lys

Asn

Pro

Tyr

235

Leu

Thr

Asp

Gln

Gln

315

His

Asp

Ala

Tyr

Thr

395

Ser

Ala

Thr

Leu

Trp

475

Cys

Ala

Ile

Ala

Ala

555

Val

Pro

Trp

Phe

Tyr

Asp

220

Tyr

Gln

Thr

Gln

Pro

300

Asp

Ser

Ser

Ser

Gln

380

Asp

Trp

Thr

Ala

Ser

460

Gly

Lys

Pro

Asp

Lys

540

Pro

Pro

Gln

Gly

Glu

Arg

205

Leu

Ser

Lys

Ile

Leu

285

Arg

Leu

Leu

Ile

Leu

365

Ala

Pro

Val

Ala

Ala

445

Gly

Phe

Arg

Trp

Leu

525

Leu

Arg

Val

Asp

Leu

Lys

190

Ile

Pro

Pro

Leu

Ser

270

Ile

Ser

Thr

Leu

Ser

350

Ser

Leu

Ala

Thr

Pro

430

Arg

Ala

Arg

Trp

Phe

510

Pro

Gly

Pro

Cys

Met
590

Thr

Leu

Thr

Thr

Gly

Tyr

255

Leu

Tyr

Ala

Leu

Ile

335

Phe

Gln

Phe

Gly

Ser

415

His

Val

Thr

Ala

Leu

495

Gln

Ile

Ala

Thr

Leu
575

His

Leu

Lys

Ala

Glu

Gln

240

Ala

Phe

Glu

Ile

Thr

320

Gln

Arg

Ser

Ile

Phe

400

Ser

Arg

Ala

Ala

Met

480

Lys

Leu

Leu

Lys

Trp

560

Phe

Asp

Thr
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34

Arg

625

Leu

Gly

Arg

Gln

Phe

705

Glu

Arg

Asp

Gln

Pro

785

Ala

Ala

Ser

Ser

Pro

865

Thr

Pro

Arg

Asp

Asp

945

Ser

Arg

Ala

Lys

610

Pro

Thr

Val

Arg

Asn

690

Ala

Pro

Asp

Val

Asn

770

Ala

Gln

Pro

Gly

Asp

850

Pro

Gly

Tyr

Leu

Ser

930

His

Thr

Phe

Gln

Val
1010

595

Ala

Ser

Ser

Pro

Ala

675

Thr

Gln

Pro

Pro

Ser

755

Asp

Pro

Asp

Thr

Ala

835

Trp

Gly

Gln

Pro

Pro

915

Leu

Phe

Ala

Asp

Ser
995

Ala Ala Leu Arg Phe

Ile

Ser

Ile

Pro

660

Pro

Ser

Pro

Gln

Gln

740

Val

Phe

Val

Ala

Pro

820

Met

Asp

Met

Phe

Asp

900

Lys

Leu

Ala

His

Ile
980

Ala

Cys

Asp

Pro

645

Gln

Gln

Ala

Ile

Ser

725

Val

Thr

Gly

Pro

Glu

805

Pro

His

Pro

Tyr

Ile

885

Met

Glu

Asp

Ile

Gly
965

Asp

Thr

Cys

Phe

630

Ile

Ser

Pro

Ala

Glu

710

Ala

Ala

Pro

Pro

Ser

790

Ala

Ala

Ala

Ser

Ser

870

Phe

Asp

Ala

Pro

Leu

950

Val

His

Pro

Asp

615

Lys

Lys

Ala

Ala

Pro

695

Ser

Ser

Ser

Pro

Cys

775

Thr

Leu

Pro

Ser

Pro

855

Asp

Arg

Cys

Leu

Asp

935

Ala

Ile

Thr

Arg

600

Arg

Ala

Gly

Ser

Ser

680

Gln

Val

Ser

Ser

Lys

760

Arg

Pro

Ser

Gln

Ser

840

Leu

Leu

Ser

Leu

Trp

920

Thr

His

Glu

Ala

Leu Asn Gly Gly Ile Ala

1000

Ala

Pro

Val

Ser

665

Ser

Pro

Ala

Thr

Thr

745

Thr

Cys

Leu

Ser

Ser

825

Trp

Ala

Phe

Arg

Leu

905

Asp

Ile

His

Leu

Gly
985

Pro

Pro

Glu

650

Thr

Thr

Pro

Pro

Gly

730

Thr

Ile

Ser

Thr

Ala

810

Gln

Asp

Arg

Pro

Ala

890

Leu

Thr

Arg

Tyr

Gly

970

Asn

Phe

Thr

635

Pro

Gly

Gly

Ile

Val

715

Pro

Pro

Tyr

Val

Val

795

Leu

Asn

Gln

Asp

Ala

875

Asn

Ser

Leu

Arg

Ser
955

Met

Pro

Leu

620

Pro

Gln

Pro

Pro

Glu

700

Val

Ala

Asp

Pro

Cys

780

Ser

Gln

Leu

Leu

Ser

860

Pro

Gly

Ile

Cys

Val

940

Leu

Ala

Gly

605

Pro

Ala

Val

Ala

Asp

685

Ser

Pro

Ser

Ala

Ile

765

Glu

Asp

Ala

Thr

Ser

845

Ser

Tyr

Arg

Glu

Ala

925

Gly

Arg

Asp

His

10

Asn Ile Asp Gly Thr

1015

1020

Ile

Thr

Ser

Ser

670

Pro

Lys

Gly

Val

Pro

750

Asp

Pro

His

Leu

Val

830

Ser

Ala

Leu

Ala

Gln

910

Thr

Leu

Cys

Ala

Phe
990

05

Pro

Pro

Gly

655

Asp

Pro

Val

Ala

Ser

735

Thr

His

Leu

Lys

Gly

815

Glu

Pro

Ser

Pro

Asn

895

Ala

Cys

Ser

Arg

Thr
975

Ser

Val

Leu

640

Glu

Ser

Thr

Thr

Gly

720

Arg

Leu

Leu

Gln

Glu

800

Leu

Ser

Ser

Gly

Gly

880

Ile

Thr

Pro

Thr

Phe
960

Ser

Leu

Gln Asp Leu

Leu Leu Pro
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36

Ile

Asn

Asn

Ala

Leu

Ile

Ala

Gly

Ser

Lys

Thr

Tyr

Glu

Ser

Thr

Pro

Leu

Gly

Ser

Ser

Asn

Arg

Ala

Thr

Ala

Ile

Arg
1025

Leu
1040

Ile
1055

Leu
1070

Ile
1085

Ser
1100

Val
1115

Leu
1130

Leu
1145

Met
1160

Ile
1175
His
1190
Pro
1205
His
1220

Thr
1235

Asn
1250

Gln
1265

Ser
1280

Ser
1295

Lys
1310

Ala
1325

Thr
1340

Thr
1355

Gly
1370

Ser
1385

Ser
1400

Ser

Ser

His

Asp

His

Arg

Pro

Pro

Leu

Pro

Glu

Ser

Gln

Arg

Ser

Ser

Gln

Thr

Leu

Val

Pro

Arg

Val

Ala

Thr

Ala

Val

Ser

Pro

Ser

Ile

Leu

Thr

Ala

Lys

Arg

Met

Thr

His

Val

Lys

Arg

Cys

Tyr

Leu

Gly

Ser

Pro

Leu

Ala

Pro

Pro

His

Asn

Thr

Gln

Ala

Leu

Val

Ser

Ser

Gly

Val

His

Leu

Pro

Gln

Ile

Gly

Glu

Ser

Val

Ser

Leu

Thr

Ser

Ala

Ile

Val

Met

Lys

Leu

Gly

Arg

Glu

Glu

Ala

Tyr

Ile

Pro

Ser

Gln

Pro

Leu

Tyr

Asn

Pro

Ile

Asn

His

Glu

Pro

Leu

Val

Tyr
1030

Lys
1045

Thr
1060

Asp
1075

Phe
1090

Thr
1105

Leu
1120

Ala
1135

Arg
1150

Ile
1165

Ala
1180

Ser
1195

Met
1210

Asn
1225

Gly
1240

Ala
1255

Ala
1270

Ala
1285

Ala
1300

Phe
1315

Arg
1330

Asp
1345

Pro
1360

Tyr
1375

Lys
1390

Leu
1405

Ser

Asn

Asn

Ile

Pro

Pro

Arg

Trp

Val

Asp

Leu

Ser

Tyr

Val

Phe

Asn

Ala

Ala

His

Thr

Met

Trp

Leu

Ser

Pro

Gly

Thr

Gly

Glu

Ala

Gly

Thr

Ala

Arg

Leu

Leu

Gly

Thr

Leu

Ala

Cys

Ser

Val

Cys

Ser

Gly

Phe

Phe

Lys

Lys

Asp

Ser

Trp

Phe

Ser

Val

Cys

Phe

Glu

Ile

Val

Ala

Asp

Asn

Asp

Ala

Arg

Gln

Thr

Ile

Met

Asp

Ser

His

Thr

Ala

Phe

Gly

Pro

Asp

Arg

Arg

Gly

Arg

Trp

Gly

Ile

Ile

Pro

Ser

Phe

Phe

Tyr

Asn

Ile

His

Val

Pro

Glu

Asn

Arg

Val

Gln

Glu

Lys
1035

Gly
1050

Glu
1065

Arg
1080

Lys
1095

Asn
1110

Lys
1125

Thr
1140

Asp
1155
His
1170

Leu
1185

Arg
1200

Tyr
1215

Phe
1230

Gln
1245

Ala
1260

Ala
1275

Leu
1290

Ala
1305

Ala
1320

Phe
1335

Glu
1350

Gly
1365

Pro
1380

Gly
1395

Leu
1410

Arg

Ile

Lys

Ser

Ser

Phe

Thr

Trp

Glu

Ser

Gln

Leu

Cys

Arg

Gly

Ser

Asp

Leu

Gln

Phe

Phe

Pro

Ile

Asp

Asn

Ala

Met

Ile

Val

Phe

Lys

Ile

Glu

Ile

Asp

Gly

Leu

Leu

Val

Glu

His

Ser

Arg

Thr

Leu

Ser

Pro

Arg

Arg

Val

Ala

Lys

Ala

Leu

Arg

Pro

Val

Thr

Ser

Tyr

Pro

Glu

Ser

Trp

Lys

Leu

Thr

Gln

Asn

Arg

Ser

Gly

Lys

Leu

Gln

Ile

Pro
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38

Gln

Trp

Ser

Glu

Pro

Phe

Ser

Leu

Lys

Leu

Thr

Asn

Gly

Arg

Phe

Ala

Phe

Asn

Thr

Gln

Leu

Thr

Thr

Ala

Pro

Lys

Val
1415

Asp
1430

Thr
1445

Thr
1460

Thr
1475

Pro
1490

Leu
1505

Pro
1520

Pro
1535

Phe
1550

Glu
1565

Glu
1580

Asn
1595

Ile
1610

Arg
1625

Val
1640

Asp
1655

Thr
1670

Ala
1685

His
1700

Ser
1715

His
1730

Gly
1745

Val
1760

Ser
1775

Glu
1790

Glu

Ser

Ile

Glu

Phe

Asp

Leu

Ala

Tyr

Glu

Ala

Phe

Ala

Phe

Ser

Val

Gln

Pro

Val

Gly

Ile

Val

Glu

Val

Gly

Trp

Arg

Ser

Pro

Pro

Glu

Arg

Met

Ala

Ser

Gln

Gly

Phe

Ala

Arg

Ser

Trp

Leu

Arg

Ser

Lys

Glu

Pro

Ser

Pro

Asn

Asp

Val

Gly

His

Ser

Thr

Asn

Glu

Asp

Ala

Ile

Ile

Leu

Asp

Gln

Arg

Lys

Lys

Ile

Asp

Gln

Leu

Ala

Gln

Thr

Gly

Cys

Asp

Ile

Arg

Phe

Ala

Thr

Leu

Ile

Lys

Val

Gln

Thr

Cys

Pro

Leu

Ser

Thr

Ala

Leu

Arg

Met

Ala

Val

Ala

Gln

Thr

Glu

Ser

Leu

Tyr

Leu
1420

Ile
1435

Ser
1450

Ala
1465

Tyr
1480

Glu
1495

His
1510

Lys
1525

Pro
1540

Arg
1555

Val
1570

Ser
1585

Asp
1600

Gln
1615

Cys
1630

Gly
1645

Pro
1660

Ser
1675

Asn
1690

Val
1705

Leu
1720

Phe
1735

Tyr
1750

Tyr
1765

Leu
1780

Gln
1795

Ala

Pro

Pro

Ala

Trp

Phe

Gln

Arg

Lys

Ala

Leu

Ser

Pro

Gln

Pro

Arg

Asn

Asp

Leu

Ile

Gly

Asp

Met

Leu

Pro

Thr

Glu

Glu

Pro

His

Gln

His

Glu

Leu

Asp

Tyr

Phe

Lys

Asp

Lys

Thr

Val

His

Trp

Tyr

Glu

Asp

Pro

Asp

Ala

Asp

Leu

Phe

Thr

Ser

Glu

Phe

Gly

Leu

Lys

Arg

Glu

His

Ala

Thr

Trp

Val

Leu

Lys

Leu

Cys

Thr

Arg

Leu

Leu

Asn

Ala

Arg

Leu

Cys

Arg

Ala

Pro

Leu

Gln

Ala

Gln

Phe

Ile

Arg

Glu

Gln

Arg

Asn

Ala

Lys

Tyr

Gln

Ala

Lys

His

Thr

Ser

Asn

Glu

Ser

Gly

Arg
1425

Thr
1440

Val
1455

Pro
1470

Leu
1485

Ala
1500

Asp
1515

Arg
1530

Leu
1545

Ser
1560

Cys
1575

Ala
1590

Trp
1605

Glu
1620

Leu
1635

Tyr
1650

Ile
1665

Gln
1680

Phe
1695

Lys
1710

Ile
1725

Cys
1740

Asp
1755

Thr
1770

Pro
1785

Leu
1800

Tyr

Pro Leu His

Arg

Tyr

Ala

Ser

Gln

Pro

Pro

Gly

Pro

Ile

Thr

Ser

Gly

Met

Gln

His

Asp

Met

His

Met

Tyr

Pro

Pro

Arg

Tyr

Pro

Pro

His

Asn

Pro

Thr

Ser

Gln

Phe

Asn

Ile

Ala

Ser

His

Arg

Ala

Leu

Gln

Glu

Leu

Arg

Asn

Thr

Thr

Phe

Ala

Asp

Gly

Asp

Gln

Met

Leu

Asp

Leu

His

Leu

Met

Val

Ile

Asp

Val

Gly

Thr

Ser

Arg

Lys

Leu

Leu

Met

Arg

Lys

Ser
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1805 1810 1815

His Val Gly Cys Val Arg Ser Pro Val Ala Leu Phe Ala Lys Leu
1820 1825 1830

Ala Ile Ala Val Asp Asp Gly Ser Ile Ser Asp Lys Met Ala Ser
1835 1840 1845

Tyr Leu Ser Glu Phe Ala Leu Gly His Ser Leu Gly Asp His Leu
1850 1855 1860

Trp Glu Ala Leu Pro Leu Glu Ala Val Pro Phe Gln Ser Ala Cys
1865 1870 1875

Phe Asp Phe Phe Cys Arg Arg Ala Pro Arg His Leu Lys Leu Ser
1880 1885 1890

Leu Met Leu Gly Glu Val Pro Glu Ser Ile Ile Ala Arg Ile Gly
1895 1900 1905

Ser Ser Leu Lys Trp Ala Ser His Ala Ile Tyr Thr Thr Leu Ser
1910 1915 1920

Ser Ala Ala Arg Val Ala Ile Leu Arg Ser Ser Arg Asn Ser Arg
1925 1930 1935

Ser Met Pro Asp Asp Pro Asp Thr Thr Leu Leu Gln Gly Glu Leu
1940 1945 1950

Leu Gln His Phe Gln Val Pro Phe Met Gln Ser Asp Thr Leu Leu
1955 1960 1965

Pro Leu Thr Gly Gly Ser Ser Ala Pro Ile Leu Thr Pro Glu Ala
1970 1975 1980

Phe Ser Thr Ser Leu Ala Phe Ser Met Ala Ser Asp Ala Gln Ala
1985 1990 1995

Gly Pro Ala Pro Ser Arg Asp Asp Arg Val Asp Arg Gln Pro Arg
2000 2005 2010

Leu Pro Ala Ala Pro Arg Val Ala Glu Val Gly Leu Asn Ala Pro
2015 2020 2025

Ser Val Asp Tyr Pro Phe Gln Trp Val Val Ala Ser Tyr Asp Gly
2030 2035 2040

Ser Glu Ala Lys Asn Leu Ser Asp Asp Leu Ser Gly Ser Ala Thr
2045 2050 2055

Leu Thr Lys Val Met Ala Asn Tyr Arg His Ala Glu Leu Thr Ser
2060 2065 2070

Val Glu Leu Glu Val Cys Pro Leu Ala Ala Ala Phe Ser Lys Pro
2075 2080 2085

Ile Ser Val Ser Ala Val Trp Thr Ile Ala Ser Ile Ser Pro Ala
2090 2095 2100

Ser Ala Ser Glu Thr Ser Tyr Tyr Gly Gly Arg Leu Phe Thr Val
2105 2110 2115

Gly Gly Pro Val Leu Met Ser Ser Thr Thr His Leu Pro Ala Asp
2120 2125 2130

Leu Thr Arg Leu Asn Pro Val Leu Lys Gly Pro Val Lys Tyr Thr
2135 2140 2145

Asp Cys Pro Arg Phe Ser Tyr Ser Val Tyr Ser Asn Gly Gly Thr
2150 2155 2160

Lys Gly Thr Asn Leu Cys Thr Ile Ile Leu Arg Gly Val Val Arg
2165 2170 2175

Leu Ser Gly Pro Ser Gly Asn Leu Leu Ala
2180 2185

<210> SEQ ID NO 3
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<211> LENGTH: 154
<212> TYPE: PRT
<213> ORGANISM: Citrus Sudden Death Virus

<400> SEQUENCE: 3

Met Ile Ser Leu Ala Leu Pro Leu Ser Pro Lys Ser Trp Pro Thr Thr
1 5 10 15

Asp Met Leu Ser Ser His Leu Leu Ser Trp Arg Ser Ala Leu Leu Leu
20 25 30

Gln Pro Ser Pro Ser Pro Ser Leu Cys Arg Pro Ser Gly Pro Leu Pro
35 40 45

Pro Ser Leu Gln Leu Pro Pro Leu Lys Pro Pro Thr Met Ala Val Asp
50 55 60

Ser Ser Leu Leu Ala Val Leu Ser Ser Cys Pro Ala Pro Pro Ile Ser
65 70 75 80

Leu Leu Ile Ser Pro Ala Ser Ile Leu Cys Ser Arg Ala Pro Ser Ser
85 90 95

Thr Gln Thr Ala Pro Asp Ser Pro Thr Pro Ser Thr Pro Met Ala Glu
100 105 110

Pro Arg Ala Pro Ile Ser Ala Pro Ser Ser Ser Gly Glu Leu Ser Ala
115 120 125

Ser Ala Ala Pro Pro Val Ile Phe Ser Leu Arg Arg Ala Ser Ser Gly
130 135 140

Glu Gly Lys His Leu Leu Val Ser Ala Arg
145 150

<210> SEQ ID NO 4

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 4

gtcagctgte caaccagtte ¢

<210> SEQ ID NO 5

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 5

gtgaagatca atgagagcct g

<210> SEQ ID NO 6

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 6
tggagctcce tgcccacgac ccaac
<210> SEQ ID NO 7

<211> LENGTH: 24
<212> TYPE: DNA
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-continued

44

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 7

tctagagect gggggatgga gagce

<210> SEQ ID NO 8

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 8

Ala Gly Pro Ala Pro Ser Arg Asp Asp Arg Val Asp Arg Gln
1 5 10

<210> SEQ ID NO 9

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 9

Pro Ser Arg Asp Asp Arg Val Asp Arg Gln Pro Arg Leu Pro
1 5 10

<210> SEQ ID NO 10

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 10

Asp Gly Ser Glu Ala Lys Asn Leu Ser Asp Asp Leu Ser Gly
1 5 10

<210> SEQ ID NO 11

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 11

Pro Ala Ser Ala Ser Glu Thr Ser Tyr Tyr Gly Gly Arg Leu
1 5 10

<210> SEQ ID NO 12

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 12

Arg Phe Ser Tyr Ser Val Tyr Ser Asn Gly Gly Thr Lys Gly Thr
1 5 10 15

Synthetic

24

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic
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-continued
<210> SEQ ID NO 13
<211> LENGTH: 6509
<212> TYPE: DNA
<213> ORGANISM: Oat Blue Dwarf Virus
<400> SEQUENCE: 13
gtgtcccagt gtcattatte cgctcagttt cagatctgcec ggaattctcecc aagcatcccg 60
ccccaaaage cggetgetta aaatctgate ttetccatet tgtcaagtgt cgttatgace 120
acatacgcct tccaccecget getccccace cegacctect tegecactat cactgggggt 180
ggtttgaagyg atgttatcga aaccctcteg tccaccatce acagagacac gatcgcagea 240
ccecteatgg agaccctege ctegecttac cgagactcecee ttegegactt cccttgggece 300
gteeccegect cegecctgee cttectecag gaatgtggea tcacggtege cggecacggt 360
ttcaaagcte atccccacce tgtccacaaa accatcgaga cccacctect ccacaaggtt 420
tggcctcact atgcccaagt cccttettee gtectcettea tgaagcccte gaagttegece 480
aaactccage ggggcaacgc caacttctcec geactccaca actatcgect caccgcecaaa 540
gacacccege ggtatcctaa cacttcaacce tctctecceg acaccgagac cgecttcatg 600
catgacgccee tcatgtatta cacccceget caaattgttg acctgttect ttectgeccg 660
aagctcgaga aactgtacgc ctcccttgte gtecccceeg agtectectt cacctctate 720
tctectecate cagatcttta cegetttege tttgacgggg accgtttgat ttatgagttg 780
gagggcaacc ccgeccacaa ctacacccaa cctegatceg cectcegactg getcecgcaca 840
accaccatce gcggaccagg cgtttcetete accgtgteca ggetegacte gtggggtcce 900
tgccattcee tcctcatcca gegeggeatt ceccccatge acgecgagca cgactccate 960
tcgttcaggg gtccacgege cgtcgcecatt cccgageect cctcecctceca ccaggatcetg 1020
cgccaccegte tecgttccaga ggacgtgtat aacgccctet tectctacgt cegegetgte 1080
cgcacgctcece gegtaaccga teccgecgge tttgtcecegeca cceccagtgcte taageccgag 1140
tacgcttggg tcacttccte cgecttgggac aacttggecce acttcgceccect cctcaccget 1200
ccacaccggce cccgcaccte gttctaccta ttetecteta cecttecageg ccttgagecac 1260
tgggtcegece atcacacctt cctectegee ggectcacca cagcectttge teteccegecg 1320
tctgectgge tecgcgaacct cgtcecgeccge gectecgett cacacatcca aggcectegeg 1380
ctagccegece ggtggctcecat cactccccect catctcecttece gecccectee acccccaagce 1440
ttegetette ttcectecageg caactccacce ggeccggtece ttcecteegtgg cteccgecte 1500
gagtttgagg ccttcecctte tctegeccca caactcgcec gtegetttece attecteget 1560
cgecttetee ceccagaaacce catcgaccce tgggtcgteg cgagectcege tgtegecgtt 1620
gctatacceg ccgectecct cgecgttege tggttetteg gecccgacac cceccaagcece 1680
atgcacgacc gataccacac catgttccac ceccagagagt ggcegectcac cctgeccagg 1740
ggcececatet catgtggccg ctecagette tceccccectte cccacccacce ttegeccact 1800
ccegeteceg actceccgage tgaaccecte cagecaccecet cegetccace ctcgacccac 1860
gagccggete cegecgatcet cgagecccaa getecteegg cecacgecce ccagaccgag 1920
cctcecgagte cecgtgatcga gcaagaagcg cgtceccgaatce cectteccge tectgceccecg 1980
ctttctgete ccacccecte cgettecgeg ccttcacttg cecccaacace cteggcccece 2040
gagcctcect cgccgaccge ttecgagcag gecgegtceece tcatccectgce tceectcettece 2100
gcceectegteg tggagccate cggegtegte tcectgectcat cttggggegce caccaaccag 2160
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ccggcecgate aagtcgatga cteccctcete gctegecgate ccagecgecte cggecccgte 2220
cgcttectate gagacctett ccccgccaac tacgcgggtg attccggcac cttecgactte 2280
cgecgecegeg cctcaggeeg ctetceccace ccataccecg ccatggattg cctectegte 2340
gccaccgage aagccaccceg catctcectega gaggcecctcet gggactgect cacagccacce 2400
tgccecgact cattcectecga ccccaagage atcgeccage atggectcag caccgatcac 2460
ttegtcatce tecgctcateg ctttteecta tgtgccaact tccactccge cgagcacgtce 2520
attcagctcg ggatggccga tgccacctcee attttcatga tcaaccacac ggctggctcece 2580
gcgggcectee cgggcecactt cteectecge ctgggtgace ageccccegtgce cctcaacggt 2640
ggcctegete aggacctcege cgtegecgece ctceccgattca acatctecegg tgatctecte 2700
ccaacccgat ccgttcacac ttacaggtct tggccaaagce gcgccaagaa ccttgtgtcece 2760
aacatgaaga acggctttga cggagtcatg gecagcatca acccgatccyg acccagcgat 2820
gctegecgaga agatcgtcecge cctegacggt ctectagaca ttgcccgacce ccgatcegte 2880
cgectcatece acattgctgg tttecccagge tgcggaaaaa cacatccgat caccaagcetce 2940
ctccacaccg cecgcectteeg cgacttcaaa ctegeccgtece cgaccaccga getceccecggtcet 3000
gagtggaaag agctcatgaa gctctcaccce tctcaggcect ggcgcettegg cacctgggag 3060
tceteectte tcaagagege caggatccte gtgatcgatg agatctacaa gttgcecccga 3120
gggtacctecg acctagccat ccactccgac tecgtceccateg agtttgttat cgccctggga 3180
gatcctcectge aaggcgagta tcactccact catcccaget cctccaactce tcegectceatt 3240
cccgaagtca gecatctege tecctaccte gactactact gectcectggag ttaccgegte 3300
cceccaagacg tecgceecgcettt ctteccaggtt cagagccaca accctgctet cgggtttgece 3360
cgtctetega agcagtttece cacgaccggg cgcgtcectca ccaactcaca gaactcgatg 3420
cttaccatga cgcagtgcgg ctactctgce gtcaccattg cctcaagcca gggttceccacce 3480
tacagcggcg ccacgcacat ccaccttgac cgcaactcat cgctecctcte cecttcegaac 3540
tcectegteg cectcacteg ctecgagaace ggegtgttet tectcececgggga cectgctett 3600
ctcaacggtg gtcccaactce caacctcatg ttcectcectgect tetttcaggg caagtctegce 3660
cacattcgeg cctggttece caccctttte cctacggeca ctctectett ctecccecte 3720
cgccaacgee acaaccgect cactggegece ctegetceeg cccaacctte ccacctectg 3780
ctcecctgace ttceccgagect cectectcecte ccecegectecg gtcecectacte cegetcatte 3840
ccagttcecgat ctcgecttege cgecggcecgte aagecttecg accggtcaga cgtecteteg 3900
tgggccecta tecgcegtegyg tgacggggaa accaacgcecc ctcgcattga cacctectte 3960
ctgcccgaaa ctcgecgece gettcatttt gatctteect cgttececgcece ccaagceccca 4020
ccgectecct ctgacccage cecttetggg accgectttg agecccgttta ceccggcgaa 4080
accttcgaaa atttggtege ccacttectt ccggctcacg accccactga ccgcgaaatce 4140
cactggcgtce ggcagcttte caaccagttt ccccatgteg ataaggagta ccacctegeg 4200
gctcagccaa tgacgctcect cgctcecccatce cacgactcca agcacgaccce caccctectt 4260
gccgecteca tcecagaaacg acttcecgattt cgaccctceeg cctetceccta ccgaatcectece 4320
cctegtgacg agcetgcttgg ccagctecte tacgagagtce tcectgccgcecge gtatcategt 4380
tceccaacca ccacccaccee tttecgatgag gcectcectteg tecgagtgtat cgacctgaac 4440
gaattcgete aactcaccag caaaactcag gccgtcatca tgggcaacgc ccgecgcetcet 4500
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gacccagact ggegetggte cgcegtecegg atcttcagca aaacccagca caaggtcaac 4560
gaaggttcga tcectttggage ctggaaagct tgccagaccece tcecgctctcat gcacgacgece 4620
gtcgttcectge tecttggcecce cgtcaagaag tatcaacgeg tcettcecgatgce tcgagaccgce 4680
ccegeccace tctacatcca cgeccggecag acgecctett ccatgagcect gtggtgecag 4740
acccacctca ccccegcectgt caagctegceg aacgactaca ccgctttcga ccagtcectcag 4800
catggcgagg ccgtcegtect cgagagaaag aagatggaac gcectttccat cccggatcac 4860
ctcatcteccce teccacgttceca ccttaagace catgtcgaaa cccagtttgg cectctcace 4920
tgcatgcgee taaccggcga gectggeacce tacgacgaca acactgacta taacctcgece 4980
gtcatcaacc tcgagtacgce ggctgcccac gtcccgacca tggtcteggg cgacgattca 5040
cteccttgact tecgagccecece acgccgecca gagtgggteg ccatcgaacce tettttagece 5100
ctccgettca agaaggagceg cggtcetgtat gccaccttet geggctacta cgcctcegega 5160
gttggctgeg tceccgatctcee catcgececte ttcecgctaage tegeccatcge cgtcgacgac 5220
tcatccatct ccgacaagcet cgccgcatac ctcatggagt tcgcecggtcgg tcactctcete 5280
ggcgactcte tttggtccge ccteccectg tecgecgtee cctttcagte agectgttte 5340
gatttcttet gececgecgege tceecccgegat ctaaagcecteg cecttcacct gggcgaagtce 5400
cctgaaacca tcatccaacg cctctceccac ctetectgge tatcccacge cgtctacagce 5460
cteccteccat ctegectteg cctegecate cttcacaget cacgccagca cegttcececte 5520
cccgaagacce cagccgttte ttegettcag ggtgaattge ttcagacgtt ccatgctceca 5580
atgccctete teccttcact cccactette ggeggtetat ctcccgacaa catcctcact 5640
ccecacgagt tecgcaccge cctctacgaa agcetceccgect accctactcece teccaactcet 5700
ccgaccteca tgtcaggaat ccatgcectceg caagttggtce cgccccccge cagcgatgat 5760
cgcactgacc geccagcectte tettectett gctectegta ttgtggagag ctetctegece 5820
gtgcecgcacyg tcgacgtcce gttceccaatgg gecgtegegt cgtacgccgg agactccgec 5880
aagttcctca ccgacgacct ctcaggatce tctcacctga geccgectcac catcggctat 5940
cgccacgecg agctcatcete cgeccgagcecte gagttcecgece cecttgeccge cgecttegece 6000
aagcccatcet ccgtcaccge cgtctggacce atagectceca tegecccage caccaccace 6060
gagctccagt actacggtgg ccgactcctce acccteggag gecccecgtect catgggetcece 6120
gtcaccegea teccagccga cctcaccege ctcaaccceg tcatcaagac cgecgtggge 6180
ttcactgact gccceccgett cacctactce gtctatgeca acggcgggte cgccaacact 6240
cctctcatca cecgtcatggt gcecgaggagtt atccgectet cecggcecctte gggcaacacce 6300
gtcaccgeca cctaagecct ctcaccggtt tcaacaggag tttcecttectce gttettetece 6360
tgacgaccaa tgaacgttgc ttatccccce ttcacatccce teccgtttcece cctecegtttt 6420
cctectetgtt ccattccecee tetcecectece cgtetcageca atgagtaagg ttceccaggtceg 6480
attcaaagac ctgatgggat tttcctegg 6509

<210> SEQ ID NO 14
<211> LENGTH: 2066
<212> TYPE: PRT

<213> ORGANISM: Oat Blue Dwarf Virus

<400> SEQUENCE: 14

Met Thr Thr Tyr Ala Phe His Pro Leu Leu Pro Thr Pro Thr Ser Phe

1 5

10

15
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52

Ala

Ser

Ala

Ala
65

Ala
Pro
145

Phe

Leu

Tyr

Asn

225

Arg

Leu

Pro

Ala

Arg

305

Ala

Gln

Asn

Ser

Arg
385

Pro

Thr

Thr

Ser

50

Ser

Gly

Leu

Leu

Asn

130

Arg

Met

Phe

Pro

Arg

210

Pro

Thr

Asp

Pro

Val

290

Leu

Val

Cys

Leu

Phe

370

His

Pro

Ile

Leu

Ile

Ile

35

Pro

Ala

Phe

Leu

Phe

115

Phe

Tyr

His

Leu

Pro

195

Phe

Ala

Thr

Ser

Met

275

Ala

Val

Arg

Ser

Ala

355

Tyr

His

Ser

Gln

Phe

Thr

20

His

Tyr

Leu

Lys

His

100

Met

Ser

Pro

Asp

Ser

180

Glu

Arg

His

Thr

Trp

260

His

Ile

Pro

Thr

Lys

340

His

Leu

Thr

Ala

Gly
420

Arg

Gly

Arg

Arg

Pro

Ala

85

Lys

Lys

Ala

Asn

Ala

165

Cys

Ser

Phe

Asn

Ile

245

Gly

Ala

Pro

Glu

Leu

325

Pro

Phe

Phe

Phe

Trp
405

Leu

Pro

Gly

Asp

Asp

Phe

70

His

Val

Pro

Leu

Thr

150

Leu

Pro

Ser

Asp

Tyr

230

Arg

Pro

Glu

Glu

Asp

310

Arg

Glu

Ala

Ser

Leu
390
Leu

Ala

Pro

Gly

Thr

Ser

55

Leu

Pro

Trp

Ser

His

135

Ser

Met

Lys

Phe

Gly

215

Thr

Gly

Cys

His

Pro

295

Val

Val

Tyr

Leu

Ser

375

Leu

Ala

Leu

Pro

Leu

Ile

40

Leu

Gln

His

Pro

Lys

120

Asn

Thr

Tyr

Leu

Thr

200

Asp

Gln

Pro

His

Asp

280

Ser

Tyr

Thr

Ala

Leu

360

Thr

Ala

Asn

Ala

Pro

Lys

25

Ala

Arg

Glu

Pro

His

105

Phe

Tyr

Ser

Tyr

Glu

185

Ser

Arg

Pro

Gly

Ser

265

Ser

Ser

Asn

Asp

Trp

345

Thr

Phe

Gly

Leu

Arg
425

Pro

Asp

Ala

Asp

Cys

Val

Tyr

Ala

Arg

Leu

Thr

170

Lys

Ile

Leu

Arg

Val

250

Leu

Ile

Leu

Ala

Pro

330

Val

Ala

Gln

Leu

Val
410

Arg

Ser

Val

Pro

Phe

Gly

75

His

Ala

Lys

Leu

Pro

155

Pro

Leu

Ser

Ile

Ser

235

Ser

Leu

Ser

His

Leu

315

Ala

Thr

Pro

Arg

Thr
395
Ala

Trp

Phe

Ile

Leu

Pro

60

Ile

Lys

Gln

Leu

Thr

140

Asp

Ala

Tyr

Leu

Tyr

220

Ala

Leu

Ile

Phe

Gln

300

Phe

Gly

Ser

His

Leu

380

Thr

Arg

Leu

Ala

Glu

Met

45

Trp

Thr

Thr

Val

Gln

125

Ala

Thr

Gln

Ala

His

205

Glu

Leu

Thr

Gln

Arg

285

Asp

Leu

Phe

Ser

Arg

365

Glu

Ala

Ala

Ile

Leu

Thr

30

Glu

Ala

Val

Ile

Pro

110

Arg

Lys

Glu

Ile

Ser

190

Pro

Leu

Asp

Val

Arg

270

Gly

Leu

Tyr

Val

Ala

350

Pro

His

Phe

Ser

Thr
430

Leu

Leu

Thr

Val

Ala

Glu

95

Ser

Gly

Asp

Thr

Val

175

Leu

Asp

Glu

Trp

Ser

255

Gly

Pro

Arg

Val

Arg

335

Trp

Arg

Trp

Ala

Ala
415

Pro

Leu

Ser

Leu

Pro

Gly

80

Thr

Ser

Asn

Thr

Ala

160

Asp

Val

Leu

Gly

Leu

240

Arg

Ile

Arg

His

Arg

320

Thr

Asp

Thr

Val

Leu
400
Ser

Pro

Gln
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54

Arg

Glu

465

Leu

Ser

Trp

Thr

Ile

545

Pro

Ala

Ala

Glu

Ala

625

Ala

Ile

Ser

Asp

Tyr

705

Asp

Met

Glu

Asp

Ile

785

Asn

Leu

Ala

Asn

450

Ala

Ala

Leu

Phe

Met

530

Ser

Thr

Pro

Pro

Gln

610

Pro

Pro

Pro

Ala

Ser

690

Arg

Phe

Asp

Ala

Pro

770

Leu

Val

His

Gly

Val
850

435

Ser

Phe

Arg

Ala

Phe

515

Phe

Cys

Pro

Pro

Pro

595

Glu

Thr

Glu

Ala

Ser

675

Pro

Asp

Arg

Cys

Leu

755

Lys

Ala

Ile

Thr

Asp
835

Ala

Thr

Pro

Leu

Val

500

Gly

His

Gly

Ala

Ser

580

Ala

Ala

Pro

Pro

Pro

660

Ser

Leu

Leu

Ala

Leu

740

Trp

Ser

His

Gln

Ala
820

Gln

Ala

Gly

Ser

Leu

485

Ala

Pro

Pro

Arg

Pro

565

Thr

His

Arg

Ser

Pro

645

Ser

Trp

Ala

Phe

Arg

725

Leu

Asp

Ile

Arg

Leu
805
Gly

Pro

Leu

Pro

Leu

470

Pro

Val

Asp

Arg

Ser

550

Asp

His

Ala

Pro

Ala

630

Ser

Ser

Gly

Arg

Pro

710

Ala

Val

Cys

Ala

Phe

790

Gly

Ser

Arg

Arg

Val

455

Ala

Gln

Ala

Thr

Glu

535

Ser

Ser

Glu

Pro

Asn

615

Ser

Pro

Ala

Ala

Asp

695

Ala

Ser

Ala

Leu

Gln

775

Ser

Met

Ala

Ala

Phe
855

440

Leu

Pro

Lys

Ile

Pro

520

Trp

Phe

Arg

Pro

Gln

600

Pro

Ala

Thr

Leu

Thr

680

Pro

Asn

Gly

Thr

Thr

760

His

Leu

Ala

Gly

Leu
840

Asn

Leu

Gln

Pro

Pro

505

Gln

Arg

Ser

Ala

Ala

585

Thr

Leu

Pro

Ala

Val

665

Asn

Ser

Tyr

Arg

Glu

745

Ala

Gly

Cys

Asp

Leu
825

Asn

Ile

Arg

Leu

Ile

490

Ala

Ala

Leu

Pro

Glu

570

Pro

Glu

Pro

Ser

Ser

650

Val

Gln

Ala

Ala

Ser

730

Gln

Thr

Leu

Ala

Ala
810
Pro

Gly

Ser

Gly

Ala

475

Asp

Ala

Met

Thr

Leu

555

Pro

Ala

Pro

Ala

Leu

635

Glu

Glu

Pro

Ser

Gly

715

Pro

Ala

Cys

Ser

Asn

795

Thr

Gly

Gly

Gly

Ser

460

Arg

Pro

Ser

His

Leu

540

Pro

Leu

Asp

Pro

Pro

620

Ala

Gln

Pro

Ala

Gly

700

Asp

Thr

Thr

Pro

Thr

780

Phe

Ser

His

Leu

Asp
860

445

Arg

Arg

Trp

Leu

Asp

525

Pro

His

Gln

Leu

Ser

605

Ala

Pro

Ala

Ser

Asp

685

Pro

Ser

Pro

Arg

Asp

765

Asp

His

Ile

Phe

Ala
845

Leu

Leu

Phe

Val

Ala

510

Arg

Arg

Pro

Pro

Glu

590

Pro

Pro

Thr

Ala

Gly

670

Gln

Val

Gly

Tyr

Ile

750

Ser

His

Ser

Phe

Ser
830

Gln

Leu

Glu

Pro

Val

495

Val

Tyr

Gly

Pro

Pro

575

Pro

Val

Leu

Pro

Ser

655

Val

Val

Arg

Thr

Pro

735

Ser

Phe

Phe

Ala

Met
815
Leu

Asp

Pro

Phe

Phe

480

Ala

Arg

His

Pro

Ser

560

Ser

Gln

Ile

Ser

Ser

640

Leu

Val

Asp

Phe

Phe

720

Ala

Arg

Leu

Val

Glu

800

Ile

Arg

Leu

Thr
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56

-continued
Arg Ser Val His Thr Tyr Arg Ser Trp Pro Lys Arg Ala Lys Asn Leu
865 870 875 880
Val Ser Asn Met Lys Asn Gly Phe Asp Gly Val Met Ala Ser Ile Asn
885 890 895
Pro Ile Arg Pro Ser Asp Ala Arg Glu Lys Ile Val Ala Leu Asp Gly
900 905 910
Leu Leu Asp Ile Ala Arg Pro Arg Ser Val Arg Leu Ile His Ile Ala
915 920 925
Gly Phe Pro Gly Cys Gly Lys Thr His Pro Ile Thr Lys Leu Leu His
930 935 940
Thr Ala Ala Phe Arg Asp Phe Lys Leu Ala Val Pro Thr Thr Glu Leu
945 950 955 960
Arg Ser Glu Trp Lys Glu Leu Met Lys Leu Ser Pro Ser Gln Ala Trp
965 970 975
Arg Phe Gly Thr Trp Glu Ser Ser Leu Leu Lys Ser Ala Arg Ile Leu
980 985 990
Val Ile Asp Glu Ile Tyr Lys Leu Pro Arg Gly Tyr Leu Asp Leu Ala
995 1000 1005
Ile His Ser Asp Ser Ser Ile Glu Phe Val Ile Ala Leu Gly Asp
1010 1015 1020
Pro Leu Gln Gly Glu Tyr His Ser Thr His Pro Ser Ser Ser Asn
1025 1030 1035
Ser Arg Leu Ile Pro Glu Val Ser His Leu Ala Pro Tyr Leu Asp
1040 1045 1050
Tyr Tyr Cys Leu Trp Ser Tyr Arg Val Pro Gln Asp Val Ala Ala
1055 1060 1065
Phe Phe Gln Val Gln Ser His Asn Pro Ala Leu Gly Phe Ala Arg
1070 1075 1080
Leu Ser Lys Gln Phe Pro Thr Thr Gly Arg Val Leu Thr Asn Ser
1085 1090 1095
Gln Asn Ser Met Leu Thr Met Thr Gln Cys Gly Tyr Ser Ala Val
1100 1105 1110
Thr Ile Ala Ser Ser Gln Gly Ser Thr Tyr Ser Gly Ala Thr His
1115 1120 1125
Ile His Leu Asp Arg Asn Ser Ser Leu Leu Ser Pro Ser Asn Ser
1130 1135 1140
Leu Val Ala Leu Thr Arg Ser Arg Thr Gly Val Phe Phe Ser Gly
1145 1150 1155
Asp Pro Ala Leu Leu Asn Gly Gly Pro Asn Ser Asn Leu Met Phe
1160 1165 1170
Ser Ala Phe Phe Gln Gly Lys Ser Arg His Ile Arg Ala Trp Phe
1175 1180 1185
Pro Thr Leu Phe Pro Thr Ala Thr Leu Leu Phe Ser Pro Leu Arg
1190 1195 1200
Gln Arg His Asn Arg Leu Thr Gly Ala Leu Ala Pro Ala Gln Pro
1205 1210 1215
Ser His Leu Leu Leu Pro Asp Leu Pro Ser Leu Pro Pro Leu Pro
1220 1225 1230
Ala Ser Gly Pro Tyr Ser Arg Ser Phe Pro Val Arg Ser Arg Phe
1235 1240 1245
Ala Ala Ala Val Lys Pro Ser Asp Arg Ser Asp Val Leu Ser Trp
1250 1255 1260
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58

Ala

Asp

Leu

Ala

Phe

Asp

Leu

Ala

Tyr

Glu

Pro

Phe

Ala

Phe

Ala

Ala

Pro

Gly

Ile

Glu

Ile

Gly

Trp

Pro
1265

Thr
1280

Pro
1295

Pro
1310

Glu
1325

Arg
1340

Val
1355

Ala
1370

Ser
1385

Arg
1400

Ser
1415

Phe
1430

Ala
1445

Arg
1460

Ser
1475

Trp
1490

Leu
1505

Arg
1520

Ser
1535

Lys
1550

Glu
1565

Pro
1580

Glu
1595

Pro
1610

Asn
1625

Asp
1640

Val

Ile

Ser

Ser

Ser

Asn

Glu

Asp

Pro

Ile

Ile

Leu

Asp

Gln

Arg

Lys

Lys

Leu

Asp

Ser

Leu

Ala

Asp

Thr

Gly

Leu

Asp

Ala

Ala

Phe

Phe

Gly

Leu

Ile

Lys

Ile

Gln

Ser

Cys

Glu

Leu

Ser

Thr

Ala

Leu

Arg

Met

Ala

Val

His

Gln

Thr

Glu

Ser

Ile

Val

Leu

Arg

Thr

Val

His

Glu

His

Lys

Pro

Arg

Ala

Thr

Asp

Gln

Cys

Gly

Pro

Ser

Asn

Val

Leu

Phe

Tyr

Tyr

Leu

Glu

Gly

Pro

Pro

Ala

Ala

Trp

Tyr

Asp

Arg

Arg

Ala

Leu

Ser

Pro

His

Gln

Pro

Ala

Leu

Asp

Leu

Ile

Gly

Asp

Ala

Leu

Pro

Asp
1270

Glu
1285

Gln
1300

Phe
1315

His
1330

Arg
1345

His
1360

Ser
1375

Leu
1390

Asp
1405

Tyr
1420

Phe
1435

Lys
1450

Asp
1465

Lys
1480

Thr
1495

Val
1510

His
1525

Trp
1540

Tyr
1555

Glu
1570

Ser
1585

Pro
1600

Asp
1615

Ala
1630

Asp
1645

Leu

Gly

Thr

Ala

Glu

Phe

Arg

Leu

Lys

Arg

Glu

His

Val

Thr

Trp

Val

Leu

Lys

Leu

Cys

Thr

Arg

Leu

Leu

Asn

Ala

Phe

Leu

Glu

Arg

Pro

Pro

Leu

Gln

Ala

His

Phe

Leu

Arg

Glu

Gln

Arg

Asn

Ala

Lys

Tyr

Gln

Ala

Lys

His

Thr

Thr

His

Glu

Ala

Thr

Arg

Pro

Val

Pro

Leu

Ala

Asp

Arg

Leu

Ser

Cys

Ala

Trp

Glu

Leu

Tyr

Ile

Thr

Phe

Lys

Val

Cys

Asp

Val

Pro

Leu

Asn

Pro

Pro

Tyr

Ala

Ser

Gln

Pro

Pro

Gly

Pro

Ile

Val

Ser

Gly

Met

Gln

His

His

Asp

Met

His

Met

Tyr

Pro

Pro

Arg

Ala
1275

Leu
1290

Pro
1305

Pro
1320

His
1335

Asn
1350

Pro
1365

Thr
1380

Ser
1395

Gln
1410

Thr
1425

Asp
1440

Ile
1455

Ala
1470

Ser
1485

His
1500

Arg
1515

Ala
1530

Leu
1545

Gln
1560

Glu
1575

Leu
1590

Arg
1605

Asn
1620

Thr
1635

Arg
1650

Phe

Pro Arg Ile

Ser

Gly

Asp

Gln

Met

Leu

Ala

Leu

Thr

Leu

Met

Val

Ile

Asp

Val

Gly

Thr

Ser

Arg

Lys

Leu

Leu

Met

Arg

Lys

Phe

Asp

Glu

Pro

Phe

Thr

Leu

Ser

Leu

Thr

Asn

Gly

Arg

Phe

Ala

Phe

Gln

Pro

Gln

Leu

Thr

Thr

Ala

Val

Pro

Lys

Asp

Pro

Thr

Thr

Pro

Leu

Ala

Pro

Tyr

His

Glu

Asn

Ile

Gly

Val

Thr

Ala

His

Ser

His

Gly

Val

Ser

Glu

Glu
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Arg

Gly

Ala

Met

Ala

Phe

Leu

Ser

Arg

Glu

Phe

Gly

Ala

Thr

Ala

Pro

Pro

Phe

Thr

Phe

Ala

Leu

Leu

Asn

Phe

Leu

1655

Gly
1670

Cys
1685

Val
1700

Glu
1715

Leu
1730

Phe
1745

Gly
1760

Trp
1775

Leu
1790

Asp
1805
His
1820

Leu
1835

Leu
1850

Ser
1865

Ser
1880

Arg
1895

Phe
1910

Leu
1925

Ile
1940

Ala
1955

Val
1970

Gln
1985

Met
2000

Pro
2015

Thr
2030

Ile
2045

Leu

Val

Asp

Phe

Pro

Cys

Glu

Leu

Ala

Pro

Ala

Ser

Tyr

Met

Asp

Ile

Gln

Thr

Gly

Pro

Trp

Tyr

Gly

Val

Tyr

Thr

Tyr

Arg

Asp

Ala

Leu

Arg

Val

Ser

Ile

Ala

Pro

Pro

Glu

Ser

Asp

Val

Trp

Asp

Tyr

Leu

Thr

Tyr

Ser

Ile

Ser

Val

Ala

Ser

Ser

Val

Ser

Arg

Pro

His

Leu

Val

Met

Asp

Ser

Gly

Arg

Glu

Ala

Asp

Arg

Ala

Ile

Gly

Val

Lys

Val

Met

Thr

Pro

Ser

Gly

Ala

Ala

Glu

Ala

His

Ser

Pro

Asn

Ser

Ile

Thr

Ser

Val

Leu

His

Ala

Ala

Gly

Thr

Thr

Tyr

Val

1660

Phe
1675

Ile
1690

Ile
1705
His
1720

Val
1735

Pro
1750

Thr
1765

Val
1780

Ser
1795

Ser
1810

Ser
1825

Ile
1840

Ala
1855
His
1870

Asp
1885

Ser
1900

Ala
1915

Ser
1930

Ala
1945

Ala
1960

Ser
1975

Arg
1990

Arg
2005

Ala
2020

Ala
2035

Arg
2050

Cys

Ala

Ser

Ser

Pro

Arg

Ile

Tyr

Ser

Leu

Leu

Leu

Tyr

Ala

Arg

Leu

Ser

Gly

Glu

Phe

Ile

Leu

Ile

Val

Asn

Gly

Gly

Leu

Asp

Leu

Phe

Asp

Ile

Ser

Arg

Gln

Pro

Thr

Pro

Ser

Gln

Ala

Tyr

Ser

Leu

Ala

Ala

Leu

Pro

Gly

Gly

Val

Tyr

Phe

Lys

Gly

Gln

Leu

Gln

Leu

Gln

Gly

Ser

Pro

Thr

Gln

Pro

Val

Ala

Ser

Ile

Lys

Pro

Thr

Ala

Phe

Gly

Ile

Tyr

Ala

Leu

Asp

Ser

Lys

Arg

Leu

His

Glu

Leu

His

Pro

Val

Ser

Pro

Gly

His

Ser

Pro

Ala

Leu

Asp

Thr

Ser

Arg

1665

Ala
1680

Lys
1695

Ala
1710

Ser
1725

Ala
1740

Leu
1755

Leu
1770

Pro
1785

Arg
1800

Leu
1815

Pro
1830

Glu
1845

Pro
1860

Gly
1875

Leu
1890
His
1905

Asp
1920

Leu
1935

Ala
1950

Ile
1965

Thr
1980

Gly
1995

Leu
2010

Asp
2025

Ala
2040

Leu
2055

Ser

Leu

Ala

Leu

Cys

Ala

Ser

Ser

Ser

Leu

Leu

Phe

Asn

Pro

Pro

Val

Ser

Ser

Glu

Ser

Thr

Gly

Thr

Cys

Ser

Arg

Ala

Tyr

Trp

Phe

Leu

His

Arg

Leu

Gln

Phe

Arg

Ser

Pro

Leu

Asp

Ala

Arg

Leu

Val

Thr

Pro

Arg

Pro

Thr

Gly

Val

Ile

Leu

Ser

His

Leu

Leu

Pro

Thr

Gly

Thr

Pro

Pro

Ala

Val

Lys

Leu

Glu

Thr

Glu

Val

Leu

Arg

Pro

Pro
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-continued

Ser Gly Asn Thr Val Thr Ala Thr
2060 2065

<210> SEQ ID NO 15

<211> LENGTH: 216

<212> TYPE: PRT

<213> ORGANISM: Grapevine Asteroid Mosaic-Associated Virus

<400> SEQUENCE: 15

Ser Ser Ala Pro Gln Leu Thr Ser Glu Ala Phe Ser Leu Thr Leu Ala
1 5 10 15

Gln Ser Met Ala Ser Pro Asn Val Gln Ala Gly Pro Pro Pro Pro Ser
20 25 30

Asp Asp Arg Thr Asp Arg Gln Pro Pro Leu Pro Arg Ala Pro Arg Leu
35 40 45

Val Glu Asp Ala Ser Ala Ile Pro Phe Val Asp Tyr Pro Phe Gln Trp
50 55 60

Val Val Ala Ser Tyr Asp Gly Ser Thr Ala Lys Asn Leu Thr Asp Val
Leu Ser Gly Ser Lys Thr Leu Ser Thr Ile Thr Ala Asn Tyr Arg His
85 90 95

Ala Glu Leu Leu Ser Val Glu Leu Glu Phe Ala Pro Leu Ala Gly Ser
100 105 110

Phe Ser Lys Pro Ile Thr Leu Ser Ala Val Trp Thr Val Gly Ser Ile
115 120 125

Thr Pro Ala Thr Thr Thr Glu Thr Ser Tyr Tyr Gly Gly Arg Val Ile
130 135 140

Thr Ile Gly Gly Pro Val Leu Met Asn Ser Thr Thr Ala Val Pro Ala
145 150 155 160

Asp Leu Arg Arg Leu Asn Pro Ile Ile Lys Asp Gln Ile Ser Tyr Thr
165 170 175

Asp Cys Pro Arg Phe Ser Tyr Ser Val Tyr Ala Asn Gly Gly Thr Ala
180 185 190

Gly Thr Asn Leu Val Thr Val Leu Ile Arg Gly Val Val Arg Leu Arg
195 200 205

Ser Pro Ser Gly Asn Leu Leu Ala
210 215

<210> SEQ ID NO 16

<211> LENGTH: 215

<212> TYPE: PRT

<213> ORGANISM: Citrus Sudden Death Virus

<400> SEQUENCE: 16

Ser Ser Ala Pro Ile Leu Thr Pro Glu Ala Phe Ser Thr Ser Leu Ala
1 5 10 15

Phe Ser Met Ala Ser Asp Ala Gln Ala Gly Pro Ala Pro Ser Arg Asp
20 25 30

Asp Arg Val Asp Arg Gln Pro Arg Leu Pro Ala Ala Pro Arg Val Ala
35 40 45

Glu Val Gly Leu Asn Ala Pro Ser Val Asp Tyr Pro Phe Gln Trp Val
50 55 60

Val Ala Ser Tyr Asp Gly Ser Glu Ala Lys Asn Leu Ser Asp Asp Leu
65 70 75 80

Ser Gly Ser Ala Thr Leu Thr Lys Val Met Ala Asn Tyr Arg His Ala
85 90 95
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-continued

64

Glu

Ser

Pro

145

Leu

Cys

Thr

Pro

Leu

Lys

Ala

130

Gly

Thr

Pro

Asn

Ser
210

Thr

Pro

115

Ser

Gly

Arg

Arg

Leu

195

Gly

Ser

100

Ile

Ala

Pro

Leu

Phe

180

Cys

Asn

Val Glu

Ser Val

Ser Glu

Val Leu

150
Asn Pro
165
Ser Tyr

Thr Ile

Leu Leu

<210> SEQ ID NO 17

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Arg

Asp

Ala

Gly

65

Leu

Lys

Ala

Gly

Arg

145

Pro

Asn

Ser

<210>
<211>
<212>
<213>

<400>

Ala

Thr

Ala

Ser

50

Ser

Leu

Pro

Thr

Gly

130

Arg

Arg

Leu

Gly

Ser

Asp

Ser

35

Tyr

Lys

Ser

Ile

Thr

115

Pro

Leu

Phe

Val

Asn
195

Pro

Arg

20

Ala

Asp

Thr

Val

Thr

100

Thr

Val

Asn

Ser

Thr
180

Leu

PRT

SEQUENCE :

198

Leu

Ser

Thr

135

Met

Val

Ser

Ile

Ala
215

Glu

Ala

120

Ser

Ser

Leu

Val

Leu
200

Val

105

Val

Tyr

Ser

Lys

Tyr

185

Arg

Cys

Trp

Tyr

Thr

Gly

170

Ser

Gly

Pro

Thr

Gly

Thr

155

Pro

Asn

Val

Leu

Ile

Gly

140

His

Val

Gly

Val

Ala

Ala

125

Arg

Leu

Lys

Gly

Arg
205

Ala

110

Ser

Leu

Pro

Tyr

Thr

190

Leu

Ala

Ile

Phe

Ala

Thr

175

Lys

Ser

Grapevine Asteroid Mosaic-Associated Virus

17

Asn Val

Gln Pro

Ile Pro

Gly Ser

Leu Ser

70

Glu Leu
85

Leu Ser

Glu Thr

Leu Met

Pro Ile

150

Tyr Ser
165

Val Leu

Leu Ala

SEQ ID NO 18
LENGTH:
TYPE:
ORGANISM: Citrus Sudden Death Virus

197

18

Gln

Pro

Phe

Thr

55

Thr

Glu

Ala

Ser

Asn

135

Ile

Val

Ile

Ala

Leu

Val

40

Ala

Ile

Phe

Val

Tyr

120

Ser

Lys

Tyr

Arg

Gly

Pro

25

Asp

Lys

Thr

Ala

Trp

105

Tyr

Thr

Asp

Ala

Gly
185

Pro

10

Arg

Tyr

Asn

Ala

Pro

90

Thr

Gly

Thr

Gln

Asn

170

Val

Pro

Ala

Pro

Leu

Asn

75

Leu

Val

Gly

Ala

Ile

155

Gly

Val

Pro

Pro

Phe

Thr

60

Tyr

Ala

Gly

Arg

Val

140

Ser

Gly

Arg

Pro

Arg

Gln

45

Asp

Arg

Gly

Ser

Val

125

Pro

Tyr

Thr

Leu

Ser

Leu

30

Trp

Val

His

Ser

Ile

110

Ile

Ala

Thr

Ala

Arg
190

Asp

15

Val

Val

Leu

Ala

Phe

95

Thr

Thr

Asp

Asp

Gly

175

Ser

Phe

Ser

Thr

Asp

160

Asp

Gly

Gly

Asp

Glu

Val

Ser

Glu

80

Ser

Pro

Ile

Leu

Cys

160

Thr

Pro
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-continued

66

Gly

Ser

Ser

Thr

Pro

Ser

Gly

Arg

145

Arg

Leu

Gly

Ala

Asp

Leu

Tyr

50

Ala

Ser

Ile

Ala

Pro

130

Leu

Phe

Cys

Asn

Ser

Arg

Asn

35

Asp

Thr

Val

Ser

Ser

115

Val

Asn

Ser

Thr

Leu
195

Asp

Gln

20

Ala

Gly

Leu

Glu

Val

100

Glu

Leu

Pro

Tyr

Ile

180

Leu

Ala Gln

Pro Arg

Pro Ser

Ser Glu

Thr Lys

70

Leu Glu
85

Ser Ala

Thr Ser

Met Ser

Val Leu

150

Ser Val
165

Ile Leu

Ala

<210> SEQ ID NO 19

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Grapevine Fleck

PRT

<400> SEQUENCE:

Met

1

Pro

Ser

Thr

Pro

65

Ala

Ala

Ala

Pro

Ala
145

Pro

Thr

Ala

Pro

Pro

50

Ala

Pro

Ser

Ser

Pro

130

Pro

Pro

Ser

Leu

Pro

35

Arg

Leu

Ser

Thr

Pro

115

Pro

Pro

Pro

Arg

Lys

20

Leu

Pro

Arg

Thr

Pro

100

Val

Pro

Pro

Leu

309

19

Ala Pro

Ser Ser

Lys Pro

Ser Thr

Ser Ser

70

Ser Pro
85

Pro Ser

Ala Ser

Ser Ala

Ser Thr

150

Pro Pro

Ala

Leu

Val

Ala

55

Val

Val

Val

Tyr

Ser

135

Lys

Tyr

Arg

Ser

Pro

Leu

Ser

Pro

Pro

Arg

Thr

Ala

135

Ala

Pro

Gly

Pro

Asp

40

Lys

Met

Cys

Trp

Tyr

120

Thr

Gly

Ser

Gly

Pro

Ser

Ser

40

Ala

Ser

Pro

Thr

Ala

120

Pro

Pro

Leu

Pro

Ala

25

Tyr

Asn

Ala

Pro

Thr

105

Gly

Thr

Pro

Asn

Val
185

Ala

Ala

Pro

Leu

Asn

Leu

90

Ile

Gly

His

Val

Gly

170

Val

Virus

Pro

Pro

25

Asn

Gly

Ser

Ser

Pro

105

Met

Ser

Leu

Gln

Thr

10

Val

Pro

Pro

Ala

Ser

90

Ser

Thr

Ser

Pro

Pro

Pro

Pro

Phe

Ser

Tyr

75

Ala

Ala

Arg

Leu

Lys

155

Gly

Arg

Pro

Pro

Leu

Ser

Leu

75

Ser

Pro

Pro

Ser

Arg
155

Pro

Ser

Arg

Gln

Asp

60

Arg

Ala

Ser

Leu

Pro

140

Tyr

Thr

Leu

Pro

Thr

Pro

Thr

60

Asn

Pro

Thr

Ala

Ala

140

His

Pro

Arg

Val

Trp

45

Asp

His

Ala

Ile

Phe

125

Ala

Thr

Lys

Ser

Cys

Ala

Pro

45

Pro

Ala

Pro

Pro

Ser

125

Ala

Glu

Gly

Asp

Ala

30

Val

Leu

Ala

Phe

Ser

110

Thr

Asp

Asp

Gly

Gly
190

Pro

Thr

30

Pro

Leu

Ser

Ser

Thr

110

Pro

Leu

Pro

Val

Asp

15

Glu

Val

Ser

Glu

Ser

95

Pro

Val

Leu

Cys

Thr

175

Pro

Ser

15

Pro

Pro

Pro

Arg

Ser

95

Ala

Ser

Ser

Arg

Arg

Arg

Val

Ala

Gly

Leu

80

Lys

Ala

Gly

Thr

Pro

160

Asn

Ser

Pro

Ala

Pro

Pro

Gly

80

Pro

Pro

Val

Ser

Pro

160

Val
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67

68

-continued

165 170

Val
180

Ala Phe Pro Leu Glu

185

Pro Arg Ser Pro Leu Ala Arg

Ala Leu

205

Leu Pro Pro Pro Leu His Pro Leu

195

Leu Arg Tyr

200
Ala

Leu Pro Ser

220

Pro Pro Pro

215

Pro Leu Leu

210

Arg Arg Asp

Ile Ser
235

Pro Pro Leu Ser Pro Pro

230

Ser Pro Pro Leu Ser

225
Ala Val
250

Pro His Pro Pro Leu Leu Pro

245

Pro Pro Pro Asp

Ala Ile Ser Ala Ala Pro Leu Leu

260

Leu Arg Asp

265

Leu Arg

Phe Phe Thr Leu Leu

285

Leu Leu

280

Pro Pro Ser Leu

275

Leu Ser

Phe Phe Ile Phe

295

Ile Ser Leu Leu

300

Ser Pro Pro Leu Leu

290

Gln
305

Phe Pro Arg Thr

Leu

190

Ala

Pro

Leu

Ala

Leu

270

Ser

Leu

175

Pro Pro

Arg Leu
Leu

Pro

Ala
240

His

Leu Ser

255

Ser Leu

Ile

His

Leu Leu

The invention claimed is:

1. A recombinant expression vector comprising a cDNA
molecule comprising a nucleotide sequence encoding an
amino acid sequence having amino acids 1974-2188 of SEQ
1D NO: 2, operably linked to a heterologous promoter.

2. An isolated nucleic acid molecule of claim 1, wherein
said nucleotide sequence further encodes amino acids 1992-
2188 of SEQ ID NO: 2.

3. A recombinant expression vector of claim 1, wherein
said nucleotide sequence further encodes amino acids 127-
337 of SEQ ID NO: 2.

4. A recombinant expression vector of claim 1, wherein
said nucleotide sequence further encodes amino acids 897-
1002 of SEQ ID NO: 2.

30

35

5. A recombinant expression vector of claim 1, wherein
said nucleotide sequence further encodes amino acids 1084-
1315 of SEQ ID NO: 2.

6. A recombinant expression vector of claim 1, wherein
said nucleotide sequence further encodes amino acids 1-154
of SEQ ID NO: 3.

7. A recombinant expression vector of claim 1, wherein
said nucleotide sequence further encodes amino acids 1474-
1890 of SEQ ID NO: 2.

8. A ¢cDNA molecule comprising a nucleotide sequence
consisting of nucleotides 6028-6675 of SEQ ID NO: 1, oper-
ably linked to a heterologous promoter.
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